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I. INTRODUCTION 
Natural resources play an important role in early stages of a coun­
try's economic development. Nevertheless, the economic supply of these 
resources is limited relative to population in some underdeveloped coun­
tries. Hence, scarcity of natural resources imposes a series of initial 
constraints on the economic development of densely populated, underdevel­
oped countries. Natural resource scarcity may retard an underdeveloped 
economy's development in several ways. First, it may hold down produc­
tivity, income, savings, and investment. Secondly, it may limit a coun­
try's capacity to e]q>ort raw materials in exchange for capital, goods need­
ed to speed up the modernization of the economy. Finally, natural re­
source scarcity may discourage foreign investment since an abundant supply 
of natural resources is one of the factors lAich attracts foreign capital. 
The various constraints on economic development in^sed by scarcity of 
natural resources raise the question* What are the avenues that may ame­
liorate resource scarcity effects? It can be argued that the ^fects of 
resource scarcity may be mitigated through recourse to technological pro­
gress. Technological advances make possible the development of inçroved 
production techniques and the production of new materials or resources. 
I5g)rov0d production techniques increase physical efficiency in resource 
use i.e. increase output per unit of input. New materials or resources 
representing various technological forms of capital serve as substitutes 
for other scarce resources* Thus the development of technology offers 
potentialities for resource-economy and resource-substitution, thereby, 
augumenting the effective svqpply of scarce resources. 
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Substitutablllty — the result of man's technological ingenuity and 
organizational ability — provides an ijiq}ortant means to reduce the effects 
of resource shortage. However, the degree of substitutability and the 
range of .substitution opportunities is dependent upon the level of techno­
logical ?dvaa6e in a country. The more technologically advanced an econo­
my, and the larger the number of products and production techniques, the 
greater are the opportunities for resource substitution. The tremendous 
growth of technology in the United States has, for exasqple, developed a 
variety of substitutes for scarce resources. As labor is relatj.vely scarce 
in the United States, capital in its many technological forms such as ma­
chines of various types and capacities has served as a substitute for labour 
of various skills and capacities. In addition technological ii^>uts such 
as fertilizer and improved seeds have also served as substitutes for both 
labor and land. The development of these and other categories of substi­
tutes has made a significant contribution to the expansion of agriculture 
and industzy in the United States economy. 
Substitution possibilities are dependent upon the level of technolo­
gical advance in a country. Additional opportunities for substitution are 
offered l^y international trade since the quantity and variety of substitute 
resources is far greater in the world as a ^ Aiole than in a national econony. 
This broadens the substitution potential of the countries that belong to 
the world trading system. Hence substitution opportunities available under 
international trade have significant importance for the technologically 
backward countries. These countries can iiqport technology to serve as a 
substitute for scarce resources. Many of the techniques and materials 
which have been developed and successfully tried in the advanced countries 
3 
may be obtainable at relatively low cost coiq>ared vlth the time and ex­
penditure involved in technological research. 
Among natural resources, land is a major resource of underdeveloped 
countries. However many countries, notably India and Pakistan, are ex­
periencing a heavy pressure of population on land. The limited supply of 
land has placed a serious restraint on agricultural production, partic­
ularly food output required to meet the growing needs of their popula­
tions. One way to increase agricultural production is to expand culti­
vated area, but this avenue has little promise in countries lAere most of 
the culturable land has been brou^t under cultivation. Even so, the ex­
pansion of cultivated area raises questions regarding the suitability of 
new land for cultivation, the cost of reclamation, and the rate at which 
land can be brought under cultivation. %e reclamation of land requires 
considerable time and capital outlays in the f ozn of irrigation and trans­
portation facilities. Furthermore, the extension of cultivated area usu­
ally means moving into marginal lands lAere soil and climatic conditions 
give a poor return. The problem of land shortage in the underdeveloped 
countries, therefore, calls for esqpanded use of nonJLand Ixçuts enbodying 
new technology and substituting these izqnits for land to Increase Agri­
cultural production. The technologies lAlch serve as effective substitu­
tes for land are management skills, fertilizer, ingwroved seeds, insecti­
cides and other technological forms of capital and ijq>roved cultural prac­
tices. 
The possibilities for the substitution of technological Inputs for 
land are particularly important for a nation faced with a serious food 
shortage. The nation's food requirements could be produced with more 
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technological Inputs and less land. Hence, for purposes of national policy, 
it would be useful to have knowledge of the rate and extent to which var­
ious technological inputs serve as substitutes for land. 
The main objective of this study is to estimate and examine marginal 
rates of substitution of fertilizer for land in production of food crops 
in India. Hence, a brief review of Indian agriculture with special refer­
ence to food production is given in the next section. 
A. Agriculture in India 
The domestic production of food lags behind the growth of popula­
tion in India. Possibilities for increasing food production through the 
expanded use of land and non-land inputs such as fertilizer are examined 
in this section. On the basis of this orientation, the objectives of the 
study will be formulated in the next section and the results of some pre­
vious investigations will be discussed in Section C. 
1. A decade of agricultural development 
Agriculture plays a dominant role in Indian economy. It engages 
about 70 per cent of the working population and contributes nearly one-
half to total national income. Again, agricultural connodlties form 
about 50 per cent of the total exports of the country. The development 
of agriculture, therefore, holds a position of basic importance for the 
economic growth of the Indian economy. 
An assessment of the potentialities for future development of agri­
culture has to be based necessarily on the record of its past performance. 
Hence, a general view of the development of agriculture during the period 
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1950-5^ to 196O-6I may be obtained from selected indicators given in 
Table 1. 
Table 1 indicates a significant expansion of the agricultural sector 
during the period 1950-5^ to I96O-6I, The cumulative rate of growth was 
about 3*5 per cent per annum. The production of food crops expanded by 41 
per cent and the output of non-food crops ly 36 per cent. Per acre yields 
of crops also rose significantly over the decade. The average yield of 
rice per acre, for exanple, increased from 694 lbs. in the periid 1946-4? 
to 1950-51 to 807 lbs. in the period 1956-57 to I96O-6I. 
The e:g»ansion of the agricultural sector may be attributed to the 
adoption of various agricultural development programs. Irrigation facili­
ties were extended to an area of 18.5 million acres and about 4 million 
farms were reclaimed by the end of 1960-61. About 4,000 seed fazus were 
established for the supply of improved seeds to farmsrs. The consumption 
of nitrogenous fertilizers (In terms of N) increased from 55,000 tons to 
230,000 tons and of phosphate fertilizers (in tems of P2O3) from 7,000 
tons to 70,000 tons during the period 1950-5^ to I96O-6I. Loans to farmers 
from the cooperative credit societies increased from rupees 22.9 crores^ 
in I95O-5I to rupees 200.0 crores in I96O-6I. Measures were also taken 
to set up a nation-wide agricultural extension service as part of a com­
prehensive community development program. 
2. Food supply and population growth 
The expansion of the agricultural sector registered during the last 
decade has not, however, been commensurate with the needs of a rapidly 
^One crore = ten millions. 
Table 1. Selected indicators of Indian agricultural growth* 
Item Unit 1950-51 1955-56 1960-61 Percentage 
increase in 
1960-61 over 
1950-51 
Index of agriculture 
production 19119-1950 = 100 96 117 135 39 
Index of food crops 1949.1950 = 100 91 115 132 41 
Index of non^food 
crops 1949-1950 = 100 106 120 142 36 
Nitrogenous fertilizers 000 tons N 55 105 230 3I8 
Phoqphatic fertilizers 000 tons PgO^ 7 NJl. 70 900 
Area irrigated Million acres 51.5 56.2 70.0 36 
Cooperative movement 
advance to farmers Rs. crores 22.9 49.6 200,0 773 
^Source* Planning Commission (18, p. 35)* 
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growing population. India has been unable to grow enou^ food to feed its 
people. The production and laqports of food grains and the growth of popula­
tion during the period I95O-5I to I96O-6I is given in Table 2. 
Table 2 indicates that the domestic production of food grains falls 
short of the requirements. The in^rt of food grains amounted to from 
2 to 4 million tons in most years during the period 1951 to I96I. The 
present diet in India, however, is still deficient in both quantity and 
quality of food. According to Sukhatme (20, p. 1) the caloric content of 
the diet is short of the average need by I3 per cent and that the gap is 
shared by no less than a quarter of India's population. 
Another iiqwrtant feature lAich emerges from Table 2 is the large 
size of the absolute increment in population. The increase in total pop­
ulation has been 79*3 million over the last decade. There are possibili­
ties of even greater increments in population if the present rate of pop­
ulation growth is maintained. This increase in total population would iiq)ly 
a large increase in food requirements# ]jiQ>rovements in income^ would also 
mean that the demand for food will increase in volume. In view of the ex>> 
isting low level of food oonsunption, the income elasticity of demand for 
food would be hi^. Hence India's future food requirements will increase 
both because of the growth of population and because of iiq>vovement in 
incomes. 
3. Possibilities for increasing food production 
The foregoing discussion raises the questions What are the possibili-
^The increase in income per capita has been 16 per cent during the 
period 1950-51 to I96O-6I (18, p. 35). 
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Table 2. Produotlon and In^rts of food grains and grovth of 
population In India, 1951.61^ 
Year Population^ 
(millions) 
Production® 
(million tons) 
Ingx»rt8 
(million tons) 
1951 363.4 43.74 4.37 
1952 369.6 44.29 3.86 
1953 376.1 49.47 2.00 
1954 382.9 58.32 0.82 
1955 390.2 56.38 0.59 
1956 397.8 54.94 1.37 
1957 405.8 57.38 3.57 
1958 414.3 53.88 3.17 
1959 423.3 62.98 3.80 
i960 432.7 63.85 5.05 
1961 442.7 67.24 3.43 
^Sources India Govenmemt (12, p. 52). 
V —— 
Population figux'e relates to mid year and Includes Jamsu and 
Kaahoir* 
^1951 production figure correqMnds to 1950-51 and so on for 
subsequent years. 
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ties for increasing food production? In broad terms, there are only two 
says to increase food production; (a) to extend the cropped area, and (b) 
to increase the yield per acre of the cultivated land. 
A, Extension of cultivated area Land is the most important fac­
tor in Indian agriculture. Can it be possible to increase the supply of 
land for cultivation? This depends on the possibilities of extending 
cultivation to cultural waste land and the cost of reclamation. However, 
our main concern here is whether there are large areas of culturable land 
in India, We may, therefore, examine the statistics of land utilization 
given in Table 3. 
Table 3 indicates that the total geographical area of India is 806 
million acres, but land use statistics are available only for 721 million 
acres. The area sown is 32? million acres while no cultivation is pos­
sible on 114 million acres. The culturable waste land is 4? million acres, 
or about 6 per cent of the total geographical area. However, this repre­
sents an absolute upper limit with regard to land that can be brought 
under cultivation. Recent soil surveys have revealed that the proportion 
of the culturable waste land that can be brought profitably under culti­
vation is quite small. For example, the Expert Committee (1?, p. 100) 
appointed t)y the Government in 1959 to appraise the possibilities of land 
reclamation estimated that about 15 per cent of the 4? million acres of 
culturable waste land is reclamable. Hence India's three Five-Year Plans 
Includes 86024 square miles of the Princely State of Jammu and 
Kashmir. The State of Jammu and Kashmir is a disputed territoxy between 
India and Pakistan. Approximately 2/3 of the total geographical area of 
the State is under Indian occupation. 
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Table 3* Land utilization in India, 1955-56 to I96O-6I® 
1955-56 1960-61 
(Area in million acres) 
Total geographical area 806 806 
Total reporting area 720.0 721.0 
Forests 125.6 131.0 
Land under miscellaneous tree crops and 
groves 13.9 14.0 
Permanent pastures and other grazing lands 28.4 32.0 
Culturable waste 54.8 47.0 
Barren and uncultivated land and land put to 
non-agricultural uses 118.7 114.0 
Fallow lands other than current fallows 30.9 28.0 
Current fallows 29.5 28.0 
Net area sown 318.2 327.0 
Area sown more than once 44.4 51.5 
Gross area sown 362.6 378.5 
^Source: Planning Commission (18, p. 184) 
(2, p. 9) spanning the period from I96I to 1976 show a planned addition of 
only 6 million acres to the current sown area of 327 million acres. If 
the target is attained, this will result in an increase in the net sown 
area of less than 2 per cent over the 15-year period or O.13 per cent per 
year. The increase in food output resulting from the addition to sown 
area would be inadequate to meet the additional food requirements of a 
rapidly growing population in India. According to Brown (2, p. 9)« "with 
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population projected to grow at well above 2 per cent per year between now 
and 1976 more than nine-tenth of the additional food requirements must 
come from rising yields". 
b. Increase ±XÏ Tlold per acre Yield per acre of food crops grown 
in India are among the lowest in the world. For exanqple, the yield rate 
of rice in India is 734 lbs. per acre conqpared with 2,016 lbs. per acre 
in Japan and 1,5^6 lbs. per acre in the Ikited Arab R^ubllc (1, p. 65}. 
There are, however, large potentialities for increasing yield per acre in 
India. Sen (14, p. 126) provides a general statement of such potentialitiest 
"....In the same area, the best faimers are known to 
have produced yield per acre several times higher than 
those produced by average farmers. For instance, the 
average yield of rice per acre in different states vary 
between 400 to 1,200 lbs. lAlle the highest yield 
obtained in crop con^titions vary between 3,000 and 
9,000 lbs. Corresponding ranges for idieat are 300 to 
1,000 lbs. and 2,500 to 6,000 lbs. respectively. In 
fact, while the best in Indian agriculture does not 
contre unfavorably- with the best elsewhere, the dif­
ference between the best and the average is much wider 
in India than in the technically advanced countries. 
This is both an index of the backward character of 
Indian agriculture and a measure of its potentiality 
for development .** 
Yields per acre of food crops in India can be increased through the 
e:q>anded use of fertiliser, is^roved seeds, irrigation, insecticides and 
other improved practices. We will, however, discuss the potentialities 
for increasing yield per acre of food crops through the use of fertilizer 
only. 
1) Crop vl«7^« Motion to fer+f,^1r^ In India, low 
soil fertility is a major limiting factor in crop production. The amount 
of N + P + K per acre of arable land used in India during 1956-58 was 
only a little over 1 lb. compared with 70 lbs. in France, 120 lbs. in 
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U. K. and 225 lbs. in Japan in the same period (20, p. 28). Evidence 
available indicates that there is a large scope for increasing the yield 
per acre through the use of fertilizer in India. It has been observed 
that even a small application of fertilizer gives appreciable response. 
As an example, results of 2,962 saoqple trails on paddy rice conducted 
during 1953-56 on cultivators* fields showed that an application of 20 
lbs. of N can give an average response of 350 lbs. per acre and that an 
increase in dosage from 20 lbs. of N to 40 lbs. of N can bring a further 
increase of I50 lbs. per acre. Application of phosphates give somewhat 
smaller response being 300 lbs. for 20 lbs. of P2O5 and give an additional 
re^nse of 120 lbs. when applied over 20 lbs. of N. An application of 
30 lbs. each of N and give a response of 590 lbs. of paddy. Com, 
pared with the overfall average yield of paddy, the direct response to 
fertilizer is 52 per cent (22, p. 10). The average direct response from 
irrigated wheat with an application of 30 lbs. each of N and P20^ is 430 lbs. 
per acre, which is about 45 per cent above unfertilized yields. 
According to Sukhatme (20, p. 28) fertilization of the entire area 
under food grains at a rate of 20 lbs. of N can bring in an additional 
production of 25 million tons and that an application at a rate of 40 
lbs. of N would bring an additional 40 million tons. In other words, 
fertilizer application alone under existing conditions would bring about 
an increase in food grains production of between 33 to 55 per cent. The 
increase would be much larger if the use of fertilizer is accon^>anied by 
the application of dther liq>roved practices. 
To recapitulate, extension of cultivated area as a means to increase 
food production holds littlo promise in India. But the extended use of 
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fertilizer offers large possibilities for increasing the level of food 
output, 
B. Objectives of the Study 
India is experiencing a heavy pressure of population on land and 
consequently the limited supply of land luQMses a serious constraint on 
food production. Technological iBçrovement of agriculture can, however, 
reduce the effect of land shortage. (Die eaQ>lrlcal evidence available 
indicates that the use of fertilizer offers substantial scope for in­
creasing food production. Hence, fertilizer could be substituted for land 
such that a given level of food output can be produced with less land and 
more fertilizer. It is, therefore, Ingwrtant to estimate the rate and 
extent to which fertilizer serves as a substitute for land. 
The objectives of this study are* 
1. To derive, from experimental functions, production functions 
lAlch Incorporate land as a variable input. 
2. To estimate and examine marginal rates of substitution of fer­
tilizer for land in production of lAeat and paddy rice. 
3* To coa^re the derived estimates of marginal rates of substitu­
tion of fertilizer for land as between* 
(a) the estimates for wheat and paddy rice; 
(b) the estimates for each crop grown in different geographical 
regions; and 
(c) the estimates for each crop grown under the conditions on 
eaqierimental farms and cultivators* fields. 
4. To estimate and examine changes in the derived estimates of mar­
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ginal rates of substitutes of fertiliser for land due to anticipated im­
provements in techniques vhich may increase the productivity of land and 
fertilizer such as method and time of fertilizer application, land con­
servation and development practices, and management skills. 
5* To examine the implications of the derived estimates of marginal 
rates of substitution between fertilizer and land for increasing food 
production. 
C. Previous Investigations 
Many studies have dealt with factor substitution relationships in 
agriculture. Relatively few investigations have focussed on the sub­
stitution of fertilizer for land in crop production. The present dis­
cussion will cover only the investigations by Ibach and Lindberg^ (21, 
pp. 1-30} and Heady (6, pp. 137-14^), which are closely related to the 
present inquiry. Both these investigations deal with substitution of 
fertilizer for land in the United States agriculture. 
Ibach and Llndberg estimated that, at the average extent and level of 
fertilizer use existing in 195^> one ton of plant nutrients substituted 
for the production obtained from lO.? acres. To put It in another way, the 
use of about 931500 tons of plant nutrients r^resented the equivalent of 
acidlng a million acres of crop land capable of producing average yield 
level that existed in 195^* The investigation also provides estimates of 
land-f ertillzer combinations for 1953-55 average production and for pro­
jected 1975 output with various levels of fertilizer use. 
Heady's study is particularly germane to our inquiry. Heady provides 
a methodological framework for transforming fertilizer production function. 
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derived from a fixed land area, into a function where land is incorporated 
as a variable resource such that total output becomes a function of vari­
able land input and fertilizer ii^ut. This two-variable production func­
tion can be used to estimate substitution relationships between fertilizer 
and land. Heady's methodology is used in the present investigation and 
hence it will be presented in Chapter IV. 
Heady* s empirical estimates of marginal rates of substitution between 
fertilizer and land are for com. The estimates are based on data covering 
different years and different locations representing specific soil and 
climatic conditions. The estimates of substitution rates vary with the 
location, the level of output produced, and the level of fertilization. 
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II. EMPIRICAL DATA USED 
A large number of fertilizer experiments on paddy rioe and wheat have 
been carried out in India during the recent past. Most of these experi­
ments were conducted on government experimental farms, where the general 
level of fertility is usually high due to improved farming practices. In 
recent years, more engihasis has been laid on the yield responses obtained 
on cultivators' fields, and consequently a large number of fertilizer 
trials on cultivators' fields have been carried out in India. 
This study is based on the data of fertilizer trials on cultivators' 
fields and the data of fertilizer experiments on government experimental 
fams. A description of both sets of data is given below. 
A. Fertilizer Trials on Cultivators' Fields 
Fertilizer trials on cultivators' fields were conducted under the 
joint Indo-American Technical Cooperation Program during the period 1953 
to I95S» These trials were carried out in 2l Community Project Centres. 
The objectives of the experiments (I3» p. H) are* 
1. To investigate the relative performance of the newly developed 
nitrogenous and phosphatic fertilizers; 
2. To evaluate crop responses at varying levels of nitrogen, phos­
phorus and potash applied separately and in combinations; 
3* To study relative response on various soil types; 
4. To demonstrate to the cultivators in the Community Project areas 
the economic value of fertilizers for cereal productions; 
5. To work out the most profitable nutrient combination for each of 
the broad soil classes in the country. 
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To achieve the above objectives two categories of experiments were 
planned: (1) Conçlex experiments using I5 acre blocks on cultivators' 
fields; and (11) single five or six plot trials on cultivators* fields. 
1. Sinp:^|ft ^^ftft^jliiliizer trials on cultivators* field 
Simple fertiliser experiments were laid out in 11 Community Project 
centres on paddy and in 10 centres on lAeat. In all about 2,672 experi­
ments on paddy and 2,130 experiments on ^ eat were carried out during the 
course of three years. For the layout of the experiments in each center, 
villages were selected at random and the experimental fields were then 
randomly selected from the villages. The fertilizer treatments were 
superimposed on the normal agronomic practices followed by the cultiva­
tors. 
Two non-zero levels, 20 lbs. and 40 lbs. of N and Pogo^ in the form 
of ammonium sulphate and triple supezpho^hate, were applied. Due to 
practical difficulties, all the factorial combinations of the two treat­
ments at the specified doses could not be tried. Some of the treatment 
combinations were confounded with the field differences. The adjusted 
data for paddy rice and wheat as reported by Bao (I9» p. 85) is given 
in Table 4. 
2. Camplex trials in cultivators fields 
The conqplex trials were planned to study the interaction between 
fertilizer responses and their relation to other agronomic factors such 
as irrigation, varieties and time and method of application of fertilizers. 
These trials were carried out using 15-aore block taken on lease from the 
Table 4. Average yield (mauncLs per acre) of sliiq)le fertilizer trials on cultivators* fields -
average of three years 1953-5^ to I955-56 
Centre 
N lb/acre 0 
P lb/acre 0 20 40 0 20 40 20 Aver. 
Aver. No. 
of Expts. 
Crop* Paddy rice 
1. Agartala (Trlpura) 21.8 26.7 28.7 25.5 27.8 29.2 28.6 0.5390 59 
2. Darrang (Assam) 24.3 31.2 29.3 34.3 36.6 30.6 34.7 0.5481 31 
3. Mangalore (Madras) 24.6 25.5 27.7 26.3 27.4 28.9 29.2 0.1166 33 
4. Samalkota (Andhra) 29.9 32.8 35.2 32.4 36.2 37.3 37.3 0.3626 29 
5. Raneskwar (Bihar) 16.6 20.4 23.7 19.9 22.4 24.0 24.0 0.2052 60 
6. Kalahatidl (Orlssa) 21.9 27.5 34.2 25.0 29.5 29.8 32.6 0.7375 64 
7. ChalakuOy (T. C.) 17.1 20.3 22.2 19.4 22.0 24.5 22.8 0.2739 56 
8. Raiput (M. P.) 16.3 21.5 25.3 19.8 23.2 26.8 24.4 O.29I6 61 
9. Bodhan (Hyderabad) 22.6 24.6 23.9 25.3 27.1 28.9 29.6 0.3087 64 
10. Nilokheri (Punjab) 26.0 34.5 38.2 29.4 36.0 40.0 33.6 0.7403 66 
11. Pusa (Bihar) 14.2 19.4 19.8 17.2 20.2 21.7 24.8 0.3435 54 
Average 21.4 25.9 28.0 25.0 28.0 29,3 29.2 
Crop* Wheat 
1. Nawanshahar (Punjab) 16.6 20.7 23.4 19.8 22.6 23.0 24.4 0.20 69 
2. Nilokheri (Punjab) 15.3 19.5 20.9 17.7 19.9 20.2 21.2 0.11 26 
3. Bhadson (Pepsu) 16.4 19.9 21.2 17.4 21.1 23.1 22.7 0.29 49 
4. Alipur (Delhi) 16.4 19.2 22.6 17.9 20.6 23.1 22.4 0.24 39 
5. Mehsans (Bombay) 19.9 23.0 23.5 22.6 23.8 24.5 25.3 0.25 52 
6. Pisanganj (Ajmer) 10.0 12.6 14.0 11.4 13.1 15.0 13.0 0.30 31 
00 
One maund = 82.286 lbs. 
Source* Eao (I9» p. 85) 
Table 4. (Continued) 
Centre 
N Ib/acre 0 
P Ib/aore 0 20 40 0 20 40 20 Aver. 
Aver. Mo. 
of Expts. 
7. Manavadar 
(Saurastra) 15.9 17.9 19.7 18.5 20.9 23.4 21.3 0.48 39 
8. Kunlhar (H. P.) 11.3 14.3 15.0 13.5 13.8 15.2 14.5 0.27 13 
9. Balsingnagar 
26.0 (Rajasthan) 20.5 23.0 25.7 24.0 27.5 26.7 0.39 43 
10. Sammerpiir 
(Rajasthan) 9.0 11.0 11.8 10.7 11.7 13.0 12.6 0.29 29 
Average 15.1 18.1 19.8 17.4 19.4 21.0 20.4 
f 
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cultivators in each center. 
Nitrogen in the form of ammonium sulphate and P205 in the fom of 
triple supeiphate each at 20 and 40 lbs. levels were applied. The response 
to the nine treatment combinations of the two fertilizers to paddy rice and 
lAieat at Bhagwai (Madhya Predesh) is given in Table 5 and Table 6. 
Table 5* Average yield of paddy rice per acre for varying levels of 
fertilizer at Bhagwai (Madhya Bharat) 1955-56^ 
p^i#oru6 in Mltrogm in Iba. nnr mora 
lbs. per acre 0 20 40 
0 14.17 21.89 21.35 
20 18.02 25.97 31.18 
40 22.09 28.25 33.01 
«Source = Rao (19, p. 98). 
Table 6. Average yield of wheat in maunds per acre for varying levels of 
fertilizer at Bhagwai (Madhya Bharat) l954>-55^ 
Phosphorus in Nitrogen in lbs. per acre 
lbs. per acre 0 20 40 
0 6.41 7.80 7.87 
20 14.70 18.04 20.03 
40 16.16 22.28 25.05 
^Source s Bao (19, p. 98) 
21 
B. Fertilizer Experiments on Government 
Experimental Farms 
The data of fertilizer eageriments on paddy rice conducted at four 
experimental stations are used. These experimental stations are located 
at Chlnsurah (West Bengal), Cuttack (Orlssa), Tlrorkuppam (Madras), and 
Chandkurl (Madhya Bharat). 1 brief description of the data from each 
research station Is given below. 
The experiments at Chlnsurah and Cuttack covered a period of several 
years. The e^geriment at Chlnsurah was run for lO years and nitrogen In 
the form of ammonium sulphate was applied at rates up to 120 lbs. per acre. 
The experiment at Cuttack covered a period of 7 years and nitrogen In the 
fozm of ammonium sulphate was applied at rates up to 80 lbs. per acre. 
Yield data for these two experiments areuaot available. However, quadra­
tic production functions have been fitted to these data by Oiose (3, p. 
187). The fitted functions are used in this study. 
The data of fertilizer experiments conducted at Tlrorkuppam and 
Chandkurl are given in Table 7 and 8. 
Herdt and Mellor (11, pp. I50 - I60) fitted quadratic functions to the 
data from experimental stations in West Bengal, Crissa, Arkansas and Texas. 
From these four states a total of 55 e3q>erlment8 totalling I3I eageriment 
years were studied. The data for all the experiments for each state were 
aggregated to form a conqposite function. The fitted functions showing the 
response of rice to nitrogen are used in the present investigation. 
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Table 7. Average yield of paddy in maiinds per acre for varying levels 
of fertilizer at Tirurkuppam (Madras), 1948-49 
Phosphorus Nitrogen in lbs. per acre 
in IDS. per 
acre 0 30 60 90 120 Total 
0 8.46 9.56 10.97 9.27 8.81 47.07 
30 10.60 U.21 17.55 20.91 21.88 85.15 
60 10.83 15.62 19.99 20.65 22.24 89.33 
Total 29.89 39.39 48.51 50.83 52.93 221.55 
^Source* Rao (19, p. 99) 
Table 8. Average yield of paddy rice in maunds per acre for^varying 
levels of fertiliser at Chandkuri (Madfaya Pradesh) 
Phosphorus Nitrogen in lbs. per acre 
acre 0 20 40 60 Total 
0 10.68 10.97 11.18 11.39 44.72 
20 16.11 19.23 20.30 21.61 77.25 
40 16.20 19.90 21.86 22.09 80.05 
60 16.87 20.19 21.40 24.44 82.90 
Total 59.86 70.29 74.74 79.53 284.42 
^Source! Rao (19# p. 99) 
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C. Price Data 
In this study, a price of rupees 12/-per maund of paddy rice and 
rupees 16/-per maund of wheat was used. The cost of 1 lb. of nitrogen in 
the form of ammonium sulphate (20^ N) and the cost of 1 lb. of P20^ in the 
foxm of superphosphate (16^ ^29^) ifas taken as rupees 0.80782 and rupees 
0.62779 respectively. The per unit cost includes the cost of transport 
of fertilizer to the location. The cost of applying the fertilizer is 
negligible. 
D. Limitations of the Data Used 
The simple fertilizer trials conducted on cultivators* fields do not 
include high enough application of fertilizer nutrients to reveal the area 
of declining response. The trials included as fev as two non-zero levels 
of N and Pgo^ each at 20 lbs. and 40 lbs. per acre. Even so, all the 
factorial ownbination of the two treatment were not tried, and consequently 
only 7 yield observations per trial are available. Furthermore, the a-
vailable data covered only three years of fertilizer trials. Similarly 
complex experiments conducted on cultivators fields at Bhagwai were run 
for one year only. The e^eriments on Gcramment £bq>erimental Farms at 
Ghandkuri and Tirurkuppam were conducted as far back as 1936-37 and 1948-49 
respectively, and that too covered a period of one year only. 
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m. THEORETICAL FRAMEWORK 
A few of the basic relationships in production together with the 
economic criteria for optimum use of resources provide a theoretical 
framework for the present investigation. Production relations central 
to this study are production functions and factor substitution relation­
ships. The effect of technological advances on factor substitution rela­
tionships and the choice of an appropriate algebraic fom for estimating 
fertilizer-yield relationship are also pertinent to our inquiry. 
A. Production Functions and Factor 
Substitution Relationships 
A production function relates factor Inputs to total product out­
put. It may be expressed in the general form as in Equation 1. 
I=F(Ii, Xj, Xj V (1) 
lAiere Y is the crop output and the X*8 are the resources required in 
crop production. VMle all the resources Included in crop production 
can be varied, this study will be carried on in the framework of a 
production relationship such as that represented by Equation 2. 
Y = F(Xi, X2, X3, Xn) (2) 
Here only two resources X^ and Xg are varlabJLm and all other resources 
are considered fixed. 
A production function (production surface) provides several sets of 
inter-related quantities or relationships that are inçortant for economic 
decisions on resource use. These relationships include factor-product 
transformation ratios, product isoquants, factor substitution relation-
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shipsy isoclines, and ridge lines. The nature and derivation of these 
physical qualities is discussed elsewhere (7, pp. 33 * 40). We are, how­
ever concerned here only with a two variable production function, product 
isoquants and factor substitution relationships. 
A two variable production function of the form shown in Equation 2 
can be represented by a production surface in a three dimentional diagram. 
It can also be graphed as a contour map as shown in Figure 1. Each contour, 
or product isoquant curve representing a particular level of output, indi­
cates all the possible combinations of the two resources which will pro­
duce the specified level of output. The equation of the Isoquant can be 
obtained from the production function Equation 2 as in Equation 3* 
Xl = FfYiXg) (3) 
where izq>ut of factor is expressed as a function of output level T, 
and quantity of Xg* 
The slope of a given isoquant at any particular point indicates the 
rate at which one resource substitutes for the other idien output is held 
constant at the specified level. The marginal rate of substitution of 
factor X2 for factor can be expressed as the inverse ratio between the 
marginal physical productivities of the two resources with a minus sign 
as in Equation 4. 
dxi s - MPPxo 
—— (4) 
d%2 MPPxi 
where dxi denotes the marginal rate of substitution of for and MPPxi 
dxg 
and MPPxg are the marginal physical productivities of x^ and respec­
tively. 
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Figure 1. Product contours or isoquants 
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The nature of the production process determines the substitution re­
lationships between factors in producing a given level of output. Three 
basic types of substitution relationships in production can be isolated: 
(1) Factors may substitute at a constant rate throughout all factor ra­
tios; each factor can completely substitute for the other such that using 
all of one factor or all of the other vill produce the given level of 
output (Figure Z), (2) Factors may not be substitutes for each other 
but be technical cong)lements instead. Some processes require factors 
combined in fixed proportion to obtain the specified levels of output. 
Using more of one factor with the quantity of the other constant, will 
add nothing to output (Figure 3) • (3) Factors may substitute for each 
other at diminishing rates. In biological production processes such as 
crop production and animal nutrition, factors usually are neither tech­
nically fixed nor do factors substitute for each other at a constant rate 
at all levels of output. More generally, factors substitute for each 
other at a diminishing rate. A few cases r^resenting diminishing rates 
of substitution are presented graphically in Figure 4. Curve "a" repre­
sents diminishing marginal rates of substitution throughout all factor 
ratios; the curve intersects both axis and neither factor is absolutely 
essential to the production process. This is typical of "near substitutes" 
such as two crop varieties or two sources of protein in animal feeding. 
Curve "b" is similar to curve "a" except that it becomes asyiqptotic to 
each axis indicating that both factors are absolutely essential to the 
production process. Curve "c" Illustrates the case in idilch the two fac­
tors substitute for each other at a diminishing rate over a limited range, 
but have zero substitution possibilities outside this range. This may be 
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Figure 2. Constant rate of factor substitution 
Input 
Figure 3. Complementary factors 
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Input X. 
Figure 4. Diminishing rate of factor substitution 
<\j 
X 
+> 
I 
Input X. 
Figure 5. Diminishing rate of factor substitution 
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the case in the substitution of one fertilizer nutrient for another in 
crop production. Figure 5 represents the case in ithich the factors sub­
stitute at a diminishing rate, but one of the factors is absolutely es­
sential to the production process as the curve intersects one of the axis. 
This may be the situation in the substitution of fertilizer for land. 
B. Effect of Technological Advances on 
Substitution Relationships 
Technological advance is manifested in new inputs such as iiq)roved 
crop varieties, fertilizer, and improvement in quality of old inputs such 
as new combinations of fertilizer nutrients, inçroved method and time of -
fertilizer application, increases in managerial skills, and ingirovement in 
the human agent. The adoption of these izq)roved technologies will in­
crease output from given resources, that is, shift the production function 
from A to B as shown in Figure 6. Technological advances will also lead 
to a change in the relationships between the marginal physical produc­
tivities of the factors as Illustrated by the slopes of the Isoquants in 
Figure 7. Consequently, marginal rates of substitution between factors 
along the new Isoquant are different than those along the old isoquant. 
Marginal rates of substitution along the new isoquant are, however, altered 
in favor of since the new Isoquant has a greater slope in the direction 
of Xg axis than the old isoquant. Thus a smaller quantity of will be 
necessary to replace a given quantity of I2 along the new isoquant than 
along the old one as shown in Figure 6. As an exuqile, the marginal rate 
of substitution of fertilizer for land will be altered in favor of ferti­
lizer if the adoption of a new technique Increases marginal physical 
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Figure 6. The impact of technological advance on the 
production function 
I 
old 
new 
Input 
Figure 7. The impact of technology advance on factor 
substitution relationships 
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productivity of fertilizer 
C* Coxiditions for Economic Optima 
The relationships such as factor-product transfonn&tion ratios and 
product isoquants provide the basis for specifying the optimum level of 
resource application and the optimum dombinations of resources for a 
given output level. 
The least cost combination of resources for a given yield level is 
specified when the condition of Equation 4 is attained. 
where dxj^ denotes the marginal rate of substitution of Xg for and 
is the inverse ratio of their prices. Thus the cost of a given 
yield is minimum lAen the marginal rate of substitution between the re­
sources is equal to the inverse ratio of their prices. 
The most profitable level of output is attained when the conditions 
of Equation 5 are met. 
where dT and dï are the marginal physioal products of and X2 respeotive-
d^ dÇ 
ly. Pxiypy and Pxgyy are the factor/product price ratios. Solving these 
two equations simultaneously gives the optimal level of application of 
dxi = Pxg 
dxg (4) 
dx2 
dï = Pxi 
dxj_ Py 
dY = Pxg 
dxg Py 
(5) 
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and Xg. 
D. Choioe of Algebraic Foxn 
Several forms of production functions lAlch may be suited to a feirtl-
llzer yield relationship are briefly discussed below. 
The splUman production function of the form T = M - AR^ has been used 
In estimating fertilizer - yield relationship. This function assumes that 
the elasticity of production changes but that the ratio of marginal pro­
ducts is constant over all ranges of inputs. 
Another function which has been used in estimating input - out rela­
tionship is the Cobb-Douglas function of the form Y = a^^. This function 
gives a constant per cent change in Y with the same percentage change in 
X at any level of input. It can have constant, increasing, or decreasing 
marginal productivities, but not all these in the same fonnulation. This 
function has the major drawback of not reaching a maximum. 
The quadratic square root function, y = a + bx + c x has been used 
successfully by several investigators. This function characteristically 
increases very rapidly at low values of x, sharply flattens to approach a 
maximum, then decreases very slowly. In most cases this will give a wide 
range of possible points of operation. 
The quadratic function in the form y = a + bx + cx^ has also been used 
to express the fertiliser-yield relationship. This function, lAen C is 
negative, increases at a decreasing rate until it reaches a maximum, then 
decreases at an increasing rate. The quadratic function seems well adapted 
for the present purpose because it permits decreasing products and seems to 
best represent the fertilizer-yield relationships reflected in the date 
used for this study. 
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IV. METHOD OF ANàlïSIS 
The model used as the basis for snç>irioal analysis in this study is 
designed tot (1) transform per acre fertiliser production function into 
a function where land is variable and output is a function of both land 
and fertiliser; (2) estimate marginal rates of substitution of fertilizer 
for land in producing specified levels of output; and (3) appraise changes 
in the derived estimates of marginal rates of substitution between fer­
tilizer and land due to technological advances. 
Heady (6, pp. 1)6-139) provides a methodological framework which 
shows how a particular production function depicting crop yield response 
to fertilizer on a fixed land area can be extended to reflect substitution 
rates idiere land is considered to be variable in quantity. His proposed 
methodology is used in the present investigation. 
A. Conceptual Presentation of the Model 
Fertiliser production functions commonly show the response in yield 
per acre to various quantities of fertilizer nutrients applied per acre; 
i.e. land is held constant idiile fertiliser is varied. Output per acre is 
then specified as a function of fertilizer alone as in Equation 6. 
Z = F(X) (6) 
irtiere Z is yield per acre and Z is fertilizer per acre. We wish to incor­
porate land as a variable resource into the per acre production function 
shown in Equation 6. The per acre production function can also be written 
as in aquation ?• 
I/A . f(F/A) (7) 
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vhero Y refers to total output, A refers to number of acres and F refers 
to total fertilizer. Total output per acre (yield), Y/A, is a function of 
total fertilizer input per acre, F/A, Multiplying both sides of Equation 
7 by A, total output is expressed as a function of A acres and F inputs of 
fertilizer as in Equation 8. 
7 = F(A, F) (8) 
where Y is total output, A is land measured in acres and F is total fer­
tilizer input. 
The equation of the icoquants can be derived from the production func­
tion (8) as in Equation 9* 
A = F(Y, F) (9) 
where A, measured in acres, is expressed as a function of the specified 
level of output Y and the quantity of fertilizer. 
The marginal rates of substitution of fertilizer for land for the 
specified level of output in Equation 9 can be expressed as in Equation 10. 
—- MPPp 
dF " " MPP^ 
where dA denotes the marginal rate of substitution of fertilizer for land 
dF 
and MPPp and MPP^^ are the marginal physical productivities of fertilizer 
and land respectively. 
Technological changes which may increase the productivi^ of either 
land or fertilizer or of both factors will alter marginal rates of substi­
tution between them. Ing)roved method and time of fertilizer application 
increases the productivity of fertilizer. Similarly scientific soil con­
servation practices and other improved cultural practices lead to an in, 
crease in the productivity of land. These technological advances repre-
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sentlng iiq)rov«nient in quality of fertilizer and land oan be incorporated 
into the land-fertilizer production function Equation 8 which results in a 
new production function as in Equation 11 
Ï* = F(A*,F») (11) 
where the "prime" ( * ) on A and F denotes Is^rovement in quality relative 
to Equation 8. Assuming proportionate improvement in quality of each fac­
tor, the correspondence between Equation 8 and Equation 11 can be expressed 
as in Equation 12 
Ï = F(A, F) = W(A, F) (12) 
where k is a shift factor, the proportionate Increase in the quality of 
Inputs will result in a proportionate increase in the marginal physical 
productivity of each input, and consequently marginal rates of substitua 
tlon between the inputs will remain unaltered. 
ùg)rovement in quall^ of inputs may be in different proportions. 
This can be represented as in Equation 13 
Ï* = F(A«, F") (13) 
T&ere a sln^e prime on A and double prime on F represent different pro­
portions of quality lzQ>roveaent in each input. Marginal rates of substi­
tution between the inputs will be altered because of disproportionate in­
crease in the productivity of the inputs. The resultant change in the 
marginal rates of substitution will depend on the relative Increase in the 
productivities of the Inputs. 
Dçrovement in quality may oeour only in one of the two inputs as in 
Equation 14 
I» = F(A, FO (14) 
!• = F(A», F) (15) 
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where the prime on F denotes jjq>roTeaent in quality of fertilizer input 
while the quality of land remains unchanged. Marginal rates of substitu­
tion will alter in favor of fertilizer because a smaller quantity of fer­
tilizer will be required to displace a given quantity of land. The re­
verse would be true in the ease of Equation I5 lAere lBQ>rovement occurs 
in land input only. 
B. The Model 
One nutrient and two-nutrient fertilizer production functions of the 
quadratic type were specified for the data used in this study. The models 
for analysis of one nutrient and two-nutrient fertilizer production func­
tions are separately presented. 
1. One nutrient fertilizer production functions 
Z = a + bX - cX^ (16) 
lAere Z is the yield per acre and X is the quantity of fertilizer per 
acre. A more exact form of Equation 16 is 1? 
(Ï/A) = a+ b(F/A) - c(F/A)^ (I7) 
where T is total output, A is land measured in acres and F is total ferw 
tilizer. Total output per acre (yield) Ï/A is a function of total fer» 
tilizer input per acre F/A. The per acre fertilizer production function 
with land fixed as in Equation 1? is transformed to the "long run" func­
tion by multiplying both sides of the Equation 1? by A. 
Ï = aA + bF - CF^ A'^ (18) 
where total output Y is a function of variable land input and total fer­
tilizer lxq>uts F. The function in Equation 18 has constant returns to 
scale for the two factors considered above so that a doubling of both 
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land and fertilizer will double output. 
The Isoquant Equation 19 is computed by solving aquation 18 for k, 
• - % - bF + + (Y - bFT 
2a 
The isoquant equation indicates the various combinations of land and 
fertilizer lAioh will produce a given output Y. 
Taking the derivative of Equation 19 with respect to F, the marginal 
rate of substitution of fertilizer for land can be computed. The equation 
defining the marginal rate of substitution in terms of F and A (the negative 
ratio of partial derivatives with respect to F and k from Equation 18) is 
given in Equation 20. 
at . . b (20) 
dF a + cF^A"^ 
For estimating marginal rates of substitutes isoquants representing 
three yield levels attainable on a single acre will be specified as follows t 
Y]^ s Optimum level of output = a + optimum response 
^2 - + 2/3 of the optimum response 
Yg = a + 1/3 of the optimum response 
To specify the optimum level of output» we need to determine the 
optimum rate of fertilizer application. The determination of the optimum 
rate of fertilisation can be set as in Equation 2l. 
Y = a + bF - cF^ 
dY = b - 2oF ^  gp (21) 
^ Py 
F* = Pyb - Pf 
2cPy 
where F*» the optimum rate of fertilizer application, is obtained by 
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equating marginal physical productivity of fertilizer to fertilizer/ 
output price ratio. The value of F* can be substituted into the original 
function to obtain the optimum lev^ of output as in Equation 22 
Yi = a + bF* - c(F*)2 (22) 
lAiere is the optimum level of output and F* is the optimum rate of 
fertilizer application. 
2. Two-nutrient fertilizer production functions 
2 2 
Y s a •+ b^F^ + bgFg — b^^ — bji^g * ^^^1^2 (23) 
Tdiere Y is total output, F^ and F2 are different fertilizer nutrients. 
The two-nutrient fertilizer production function can be converted to a 
single nutrient production function so that fertilizer in aggregate form 
can be substituted for land. Many proportions or mixes, including those 
which trace out the expansion path, can be derived from such functions. We 
will employ the mix representing optimum combination of the two nutrients. 
The detexnination of the optimum combination of the nutrients can be set 
as followst 
dFi 
MPPi F2 = = bg - 2-Wz t bgPi = 
dF Py 
Hencet 
(24) 
— 2b^ — b^ ^F1 . 
W " M 
A b^ — 2b|^ 
^2 ^F2 . 
Py 
• bg 
lAere is the price of F]^ and Pp2 is the price of ?2 wd fy is the 
price of Y» The solution of the Equation 24 for the values of F^ and F2 
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gives the optimum combination of the nutrients. 
The procedure for conversion of two-nutrient fertilizer production 
function into a function representing a given mix of nutrients can be 
represented as follows* 
Let 
% = optimum F]^/( optimum 4 optimum Fg) 
Rg = optimum Fg/C optimum * optimum Fg) 
F s Fj^ + Fg 
where F is mixed fertilizer* 
Fi = (Rj) (F) 
F2 = (Rg) (F) 
Substituting the values of (F) and Rg (F) in the Equation 23, we obtain, 
Ï = « + bi(Si) (F) + bgCRg) (F) - bjd^) (F)2 - b^(I^) (F)2 
1 bjCSj) (Kg) (F)2 (25) 
Simplifying Equation 25, we obtain, 
Ï = a * F -y# F^^ (26) 
where J. = (bj^Rj^ + bgRg) 
— (b^R^ — ^4^2 " b^R^Rg) 
Equation 26 Is in the foni of a per acre production function. To 
allow land to be variable, and output to be a function of both fertilizer 
in a given mix and land, the procedure outlined in the case of one nutri­
ent fertiliser production function can be used. 
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C. Effect of Technology on Rates of 
Factor Substitution 
Technological advances lAich may increase productivity of either 
fertilizer or land or of both factors «iU alter marginal rates of sub­
stitution between them. We assume a given percentage increase in pro­
ductivity of each factor due to advances in technology* The assumed perw 
centage increases in productivity of the two factors can be incorporated 
into land-fertilizer production function Equation 18 by changing the co­
efficients of fertilizer, F, and land. A, by the proportion representing 
the increase in productivity of each factor. Assuming 10 per cent increase 
in productivity of fertilizer only the land-fertilizer production function. 
Equation 18, results in a nev land-fertilizer production function as in 
Equation 2? 
«here /!^b and ^.c represent lO per cent change in produotivity of fer­
tiliser. 
Assuming 10 per cent increase in productivity of land only the land-
fertiliser production function Equation 18 results in a new land-fertilizer 
production function as in Equation 28 
lAere a represents 10 per cent Increase in productivity of land. 
Assuming 20 per cent increase in productivity of fertiliser and 10 
per cent Increase in productivity of land, the land-fertiliser production 
function Equation 18 results in a new land-fertiliser production function 
as in Equation 29 
Ï = aA + (b +/^b)F - (c +/\c)F^"^ (27) 
(28) 
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Y = (a + Aa)A * (b + Zib)F - (o + A o)F^"^ (29) 
where A a represents 10 per cent increase in productivity of land and A b 
and ^  c represent 20 per cent increase in productivity of fertilizer. 
The land-fertiliser production functions in Equations 2?» 28 and 29 
can be used to derive marginal rates of substitutions hj the procedure 
outlined earlier. 
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V. EMPIRIGÀL PRODUCTION PONCTIONS 
This chapter gives «qoirioal production functions which are based on 
the data presented in Chapter II. Three sets of production functions have 
been derivedt (a) two-nutrient fertiliser production functions are given 
in Section À; (b) the two-nutriœt fertiliser production functions are 
converted to a single nix of nutrients in Section B; and (c) the production 
functions representing a single mix of nutrients are transformed into land-
fertiliser production functions in Section C« 
A. Production Functions for Wheat and Faddy Rice 
Using least squares technique, two variable quadratic Equation 30 was 
fitted to e3q>erlmental data presented in Chapter 
Ï s* a + b^F]^ + b^2 — b^^ — bj^Pg t b^^Fg (3C) 
where I is total output, F^ is nitrogen and Fg is jdiosidiortts. 
In all, 27 regression equations were computed in this study. It would 
be appropriate to evaluate each equation according to the following three 
selection criteria* 
1. The sign of each coefficient in the equation mmst be consistent with 
a priori knowledge, i.e., for fixed plants, it is logical that the sign 
of the coefficient of the linear ten is positive and the sign of the 
coefficient of the quadratic term is negative. The coefficient of the 
cross product term may have either positive or negative sign depending 
upon idiether the interaction is positive or negative; 
2. Each coefficient must be significantly different from sero at the .05 
level of probability according to the familiar t test for individual 
regression coefficients; and 
3* The ooefflolent of multiple determination (R^)» signifying the per-
oentage of the variation in the observed Y values that is explained 
by the fitted equation, must be at a satisfactory level. 
Only a few of the ocnqpfuted equations met aU the three selection 
criteria. In particular, individual regression coefficients of the equa­
tions fitted to the data from sizqile fertiliser trials on cultivators* 
fields vere not significant at the 0.05 level of probability. This was 
not unexpected since only 7 yield observations were available for the 
estimation of 6 parameters involved in each equation. Nevertheless, yield 
responses to fertilizer on cultivators* fields were obtained on the basis 
of a large number of trials as shown in Table 4. Hence, we have included 
those regression equations in our study lAich met the other two selection 
criteria even if individual regression coefficients of the equations were 
not significantly different than zero at the .05 level of probability. 
In all 15 production functions — 10 for paddy rice and 5 for lAeat 
appeared to be satisfactory with respect to the above criteria. These 
functions fitted to the data front 
(a) sijq^e fertilizer trials on cultivators* fields; 
(b) conqplex fertilizer trials on cultivators* fields; and 
(c) fertilizer experiments on Govemment Expérimental farms are given 
separately as below. 
1. Simple fertilizer trials on cultivators* fields. 
(a) Faddy rice production functionst 
Samalkota (Andhra) 
I = 29.717 + 0.2125?! + O.I73333F2 - O.OO2OP1 - 0.00149992 " O'OOOSOPiPg 
(31) 
45 
Raneshwar (Bihar) 
Y = 16.56? + 0.212499Fi + 0.173333^^ - 0.000675Pi - 0.0002^F| -
O.OO375F1F2 (32) 
Chalakudy (Travenoore-Coohin) 
T = 17.2 + O.I62A99F1 + O.I425P2 - O.OOO875F1 - 0.001875F| -
0.000000003FJ^F2 (33) 
NUokherl (Punjab) 
Y = 26.183 + O.49F1 + O.276667F2 - 0.0046251^ - 0.00625F| -
0.0020FJF2 (34 
Average of 11 locations 
Y = 21.458 + O.2675F1 + 0.2054I75F2 - O.OO2562F1 - 0.001562F2 -
O.OO2875F1F2 (35) 
(b) Wheat production functions 
Pisangaj (Ajmer) 
Y = 10.1167 + O.I25OF1 + 0.090833F2 - 0.000625Ff - O.OOI625F2-
O.OOO5OF1F2 (36) 
Kunihar (Hlaaohal Pradesh) 
Y = 11.583 + O.I22499F1 + 0.094I667P2 - O.OOO75F1 - O.OOO62499F2 -
O.OO25OF1F2 (37) 
SaaaerPur (Rajasthan) 
Y = 9.125 + O.O925F1 + O.O8625F2 - O.OOO562FJ - 0,000687F| -
O.OOO625F1F2 (38) 
Average of 10 locations 
Y = 15.175 + O.I6OF1 + O.I2625F2 - O.OOIO62F1 - O.OOO937F2 -
O.OOI375F1F2 (39) 
2. Complex trials on cultivators* fields. 
(a) Faddy rice production function: 
Bhagmd (Madhya Bharat) 1955-56 
Ï = 14.173 + 0.420417F1 + O.329O83F2 - O.OO5I67FÎ - 0.003992F| + 
O.OO2337F1P2 (40) 
(b) Mheat production function1 
(Sutguai (Hadhya Bharat) 1954-55* 
Ï = 6.270 + O.I38I25P1 + 0.585042F2 - O.OO25O8F1 - O.OO832IF2 + 
O.OO46W1F2 (41) 
3» Fertiliser eaqperiments on government experimental fazns. 
(a) Paddy rice production functions 
Tirorkuppam (Madras) 1948-49 
Y = 7.295 + 0.086749?! + O.275399F2 - O.OOO57IF1 - 0.003767F| + 
O.OOI524F1F2 (42) 
Chandkuri (Madhya Pradesh) 1936-37 
Ï = 10.204 + 0.082099F1 + O.38I387F2 - O.OOO88IF1 - 0.0047l562r|f 
O.OOI67P1F2 (43) 
Chinsurah (West Bengal) 
Ï = 23.02603 + O.I58593F1 - 0.001215Fi (44) 
Gattack (Bihar) 
Y = 23.29436 + O.285225F1 - 0.002674?! (45) 
West Bengal 
Y = 20.368 + .201006?! - .001461]^ (46) 
Orissa 
Y = 23.102 + .264930F! - .002524?! (47) 
47 
Arkansas 
Y = 30.807 + .313419?! - .00II03F1 (48) 
t values and if for the equations 31 through 43 except the equations 44 
through 48 are given in Table 9» The equations 44 through 48 were not 
oongiuted in this study and the neeessazy statistics for these equations 
were not available. The equations 44 and 45 were taken from Gbose (3* p. 
I87) and the equations 46, 47 and 48 were taken from Herdt and Mellor (11, 
p. 152). 
B* Conversion of Two-nutrient Fertilizer Production 
Functions to a Single Fertilizer Mix 
The two-nutrient fertilizer production functions given in Section B 
are converted to a single fertilizer mix so that we can estimate marginal 
rates of substitution between fertilizer in aggregate form (i.e., a given 
ndx of nutrients) and land. Using Equation 24 of the model we courte 
optimum conbinations of the nutrients for each equation given input and 
output prices as reported in Chapter II. The optimum combinations of 
nutrients for each equation are given in Table 10. Using Equation 25 of 
the model, the two-nutrient fertilizer production functions are converted 
into a single fertilizer mix as given below. 
Samalkota (Paddy rice) 
Y = 29.717 + .0I92009F - .000990F^ (49) 
Raneshwar (Paddy rice) 
Y « 16.567 + .194252F - .001237?^ (50) 
Chalakudy (Paddy rice) 
Y = 17.20 + .156368F - .000597F^ (51) 
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2 Table 9* Student - t and R values for regression Equations 31 through 43 
Values of t for coefficients In order 
Equation R listed In equation 
bj_ b2 bi| bj 
31 0.99 3,28**** 2.95/ 1.45/ 1.09// 0.31 
32 0.99 19.66* 16.23* 3.50**** 0.99 12.98* 
33 0.99 5.01**** 4.45**** 1.17// 2.50/ 0.00 
34 0.99 8.25*** 4.71**** 3.36**** 4.54**** 1.26// 
35 0.99 14.15* 11.00*** 5.86*** 3.57*** 5.69*** 
36 0.99 3.31*** 2.43/ 0.71 1.86/ 0.50 
37 0.91 1.33// 1.03// 0.35 0.29 1.01// 
38 0.98 2.28/ 2.15/ 0.59 0.73 0.58 
39 0.99 6.58*** 5.26**** 1.89/ 1.67/ 2.12/ 
40 0.97 2.96*** 2.31**** 1.60/ 1.23/ 1.02/ 
41 0.98 4.54* 19.24** 3.63* 12.03** 9.50** 
42 0.95 2.64** 4.67* 2.31** 4.28* 4.25* 
43 0.95 1.52*** 7.09* 1.11/ 5.88* 2.60** 
• .00 ^  p il. .01 
»• .01 I p % .05 
.05 ^  p ^  .10 
**** .10 ^  p ^  .20 
/ .20 ^  p ^  .40 
// .40 ^ p .50 
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NUokherl (Paddy rice) 
Y = 26.183 + .446729F - .0035l9F^ 
Average of 11 locations 
Y = 21.458 + .234592F - .OOl326F^ 
PisanganJ (Wheat) 
Y = 10.11? + .121182F - .000563F^ 
Kunihar (Wheat) 
Y = 11.583 + .103412F - .000913F^ 
Sammer Pur (Wheat) 
Y = 9.125 + .039475F - .000467F^ 
Average of 10 locations (Wheat) 
Y = 15.175 + .150349F - .000899F^ 
Bhagwal (Paddy rice) 
Y = 14.173 + .373494F - .OOl69lF^ 
Bhagwal (Wheat) 
Y = 6.270 + .33869? - .001289?^ 
Tirurkuppam (Paddy rice) 
Y = 7.295 + .160972F - .000429F^ 
Cbandkurl (Paddy rice) 
Y = 10.204 + .230448F - .000965F^ 
Chlnsurah (Paddy rice) 
Y = 23.026 + .158593F - .001215F^ 
Cuttack (Paddy rice) 
Y = 23.294 + .285225F - .002674?^ 
West Bengal (Paddy rice) 
Y = 20.368 = .2OIOO6F - .001461F^ 
50 
Table 10. Optimum combinations of N and ^ 2^5 for Equations 30 through 45 
Equation Location Optimum combinations 
N(Ibs.) PgOjdbs.) 
31 Samolkota 31.92 35.02 
32 Raneshwar 28.91 25.22 
33 Chalakudy 54.39 24.05 
34 Milokheri 43.31 11.02 
35 Average of 11 
locations 23.92 26.98 
36 Fisanganj 56.75 7.14 
37 Kunihar 10.81 22.32 
38 Sammer Pur 24.55 23.03 
39 Average of 10 
locations 40.93 16.39 
40 Bhagwai (Paddy) 44.99 47.84 
41 Bhagwai (Wheat) 64.48 50.79 
42 Tirurkuppam 77.39 45.27 
43 Chandkuri 40.80 43.71 
44 Chinsurah 37.6* — 
45 Cuttack 40.80* — 
^Application of nitrogen only. 
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Orlssa 
Y = 23.102 +.264930? - .002524?^ (65) 
Arkansas 
Y = 30.807 + .313419F - .00ll03F^ (66) 
C. Land-Fertilizer Production Functions 
Using Equations 16, 1?, and 18 of the model, the sin^e fertiliser 
production functions given in Section B are transformed into land-fertili-
zer production functions v61ch are given below. 
Sanalkota (Paddy rice) 
Y = (29.717)(A) + (.192009)(F) - (.0009903)(F^)(A-^) (67) 
Ranesfawar (Paddy rice) 
Y = (16.567) (A) + (.194252)(F) - (.001237)(F^)(A-^) (68) 
Chalakudy (Paddy rice) 
Y = (17.20)(A) + ( .153679)(F) - (.000597)(F^)(A-^) (69) 
Nilokhexl (Paddy rice) 
Y = (26.183)(A) + (.446729)(F) - (.003519)(F^)(A-^) (70) 
Average of 11 locations (Paddy rlee) 
Y m (21.458)(A) + (.234592)(F) - (.001326)(F^)(A-b (71) 
Plsanganj (Wheat) 
Y = (11.583) (A) + ( .121182) (F) - (.000563)(F^)(A-^) (72) 
Kunlhar (Wheat) 
Y = (11.583)(A) + (.121182)(F) - (.000563)(F^)(A-b (73) 
Saoner Pur (Wheat) 
Y = (9.125) (A) + (.089475)(F) - (.000467)(F^)(A-^) (74) 
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Average of 10 locations (Wheat) 
Ï = (15.175)(A) + (.150349)(F) - (.000899)(F^)(A-^) (75) 
Bhugwal (Paddy rice) 
I = (14.173) (A) + ( .373494) (F) - ( .001691) (F^)(A-^) (76) 
Bhagwal (Wheat) 
Ï = (6.270)(A) + (.33869)(F) - (.001289)(F^)(A-^) (77) 
Tlrurkuppam (Paddy rice) 
Y = (7-295)(A) + (.160972)(F) - (.000429)(F^)(A"^) (78) 
Ghandkarl (Paddy rice) 
Y = (10.204)(A) + (.230448)(F) - (.000965)(F^)(A"^) (79) 
Ghinsurah (Paddy rice) 
Y = (23.026)(A) + (.158593)(F) . (.001215)(F^)(A"^) (80) 
Cuttack (Paddy rice) 
Y = (23.294)(A) + ( .285225)(F) - ( .002674)(F^)(A-^) (81) 
West Bengal (Paddy rice) 
Y = (20.368)(A) + (.201006)(F) - (.001461)(F^)(A"^) (82) 
Crissa (Paddy rice) 
Y = (23.102)(A) + (.264930)(F) - (.002524)(F^)(A"^) (83) 
Arkansas (Paddy rice) 
Y = (30.807)(A) + (.313419)(F) - (.001103)(F^)(A"^) (84) 
The land-fertHizer production functions provide the basis for deriv­
ing several physical quantities vhioh together with price data are needed 
for economic decisions on the use of fertiliser and land resourees. The 
scope of the present investigations is, however, limited to an analysis of 
only Un interrelated physical quantities, namely, isoquents and marginal 
rates of substitution of fertiliser for land. Using Equations I9 and 20 
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of the model, Isoqiiants and marginal rates of substitution will be de­
rived in the next chapter. 
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VI. EMPIRICAL ESTIMATES OF SUBSTITUTION BATES 
BETWEEN FERTILIZER AND LAND 
We now present the eoplrical eetlmates of marginal rates of siibstltu-
tion between fertiliser and land. The estimates have been derived from 
land-fertiliser production function Equations 6? through 81. Three iso-
quants were considered for each production function. The isoquants select­
ed are those representing: (a) optimum fertilizer response attainable on a 
single acre; (b) two-third of optimum response; and (c) one-third of the 
optimum response. The derived isoquants and marginal rates of substitu­
tion of fertilizer for land are given in Tables 11 through 25* Each iso-
quant is represented by the fertilizer quantities under F and the land 
quantities under A. The corresponding marginal rates of substitution (MBS) 
are in the columns. Ihe marginal rate of substitution of fertilizer for 
land shows the amount of land in acres replaced by one pound of fertilizer 
at each of the land-fertilizer combinations for producing the given level 
of output. Acres of land re^û^ced per ton of fertilizer at various com­
binations of land and fertilizer are also given for each isoquant. 
This chapter is divided into two sections. Section A deals with the 
characteristics of land-fertilizer Isoquants while Section B examines mar­
ginal rates of substitution between fertilizer and land. 
Table 11. Paddy rice Isoqutnts and gross marginal rates of substitution (MRS) between fertilizer (F) 
and land (A) for Hiloldierl 
40.07 maunds 35*^ maimds 30.81 maunds 
F • MRS* Aores A MRS Acres A MRS Acres 
(lbs.) (Acres) replaced (Acres) replaced (Acres) replaced 
per ton of per ton of per ton of 
fertiliser fertilizer fertilizer 
0 1.53 .01706 34.12 1.35 .01706 34.12 1.18 .01706 34.12 
10 1.37 .01499 29.28 1.19 .01467 29.34 1.02 .01424 28.48 
20 1.23 .01227 24.53 1.06 .01146 22.92 .89 .01036 20.73 
30 1.13 .00904 18.07 .97 .00772 15.44 .81 .00604 12.09 
40 1.05 .00573 11.46 
ON 
•
 .00414 8.28 .77 ,00231 4.62 
50 1.01 .00282 5.65 .88 .00127 2.53 
— 
— 
— 
60 
.99 .00036 l.ll M , ,  
^IBS = aores of land replaced by one additional pound of fertiUeer. This quantity Is always 
negative in the relevant range because of the negative slope of the Isoquant. Hence» the absolute 
value of the marginal rate of substitution is given in this and the subsequent tables. 
Table 12. Paddy rloe Isoquants and gross marginal rates of substitution (MRS) between fertilizer (F) 
and land (A) for Raneshwar 
23.46 maunds 21.16 maunds 18.8? aaunds 
F A MRS Acres A MRS Acres A MRS Acres 
(lbs.) (Acres) repjAoed (Acres) r^laced (Acres) replaced 
per ton of per ton of per ton of 
fertilizer fertilizer fertilizer 
0 1.42 .01173 23.45 1.28 .01173 23.45 1.14 .01173 23.45 
10 1.30 .01053 21.07 1.17 .01039 20.78 1.03 .01020 20.40 
20 1.21 .00906 18.13 1.07 .00871 17.42 .94 .00825 16.51 
30 1.12 .00735 14.70 .99 .00675 13.51 .86 .00601 12.01 
40 1.06 .00550 11.01 .94 .00470 9.40 .82 .00374 7.48 
50 1.01 .00369 7.38 .90 .00278 5.55 .79 .00174 3.49 
60 .98 .00206 4.12 .88 .00114 2.28 .78 .00017 .33 
70 .97 .00070 1.40 
Table 1). Paddy rice Isoquants and gross marginal rates of substitution (MRS) between fertiliser (F) 
and land (à) for Chalakudy 
25*79 maunds 22.93 naunds 20.06 oaunds 
F k MBS lores À MBS Acres A MBS Aores 
(lbs.) (Acres) replaced (Aores) r^laoed (Aores) replaced 
per ton of per ton of per ton of 
fertilizer fertilizer fertilizer 
0 1.50 .00909 18.18 1.33 .00909 18.18 1.17 .00909 18.18 
10 1.41 .00858 17.17 1.24 .00851 17.03 1.08 .00842 16.84 
20 1.33 .00798 15.97 1.16 .00782 15.64 1.00 .00759 15.19 
30 1.25 .00728 14.56 1.09 .00699 13.99 .93 .00661 13.21 
40 1.18 .00649 12.97 1.02 .00606 12.12 .87 .00548 10.96 
50 1.12 .00561 11.22 .97 .00504 10.08 .82 .00429 8.58 
60 1.07 .00469 9.38 .92 .00399 7.99 .78 .00312 6.24 
70 1.03 .00376 7.52 .89 .00298 5.96 .75 .00205 4.09 
80 .99 .00287 5.74 .86 .00205 4.09 .74 .00112 2.25 
90 .97 .00205 4.09 .85 .00123 2.46 .73 .00037 .73 
100 
.95 .00131 2.63 .84 .00054 1.08 — — 
110 .94 .00068 1.37 — sr • - — — 
Table 14. Faddy rloe Isoquants and gross marginal rates of substitution (MRS) between fertilizer (F) 
and land (A) for Saoalkota 
38.13 maunds 35*33 maunds 32.52 naunds 
F A MRS Aores A MRS Acres A MBS Acres 
(lbs.) (Acres) replaced (Acres) replaced (Acres) replaced 
per ton of per ton of per ton of 
fertilizer fertilizer fertilizer 
0 1.28 .00646 12.92 1.19 .00646 12.92 1.09 .00646 12.92 
10 1.22 .00590 11.81 1.13 .00585 11.71 1.03 .00580 11.60 
20 1.16 .00527 10.53 1.07 .00516 10.32 .98 .00503 10.06 
30 1.12 .00456 9.12 1.02 .00438 8.77 .93 .00417 8.35 
1.07 .00380 7.61 .98 .00356 7.12 .89 .00327 6.54 
50 1.04 .00303 6.05 .95 .00272 5.43 .87 .00236 4.72 
60 l.Ol .00225 4.51 .93 .00190 3.80 .85 .00150 3.00 
70 .99 .00152 3.04 .91 .00114 2.28 .84 .00072 1.44 
80 .98 .00085 1.70 .90 .00046 .93 .83 .00005 .10 
90 .97 .00026 .51 MM 
Table 15* Faddy rioe isoquanta and gross marginal rates of substitution (MRS) between fertilizer (F) 
and land (A) for average of 11 centres 
28.94 Butunds 26.45 naunds 23.95 naunds 
F A MRS Acres A MRS Acres A MRS Acres 
(lbs.) (Acres) replaced (Acres) replaced (Acres) replaced 
per ton of per ton of per ton of 
fertilizer fertilizer fertilizer 
0 1.35 .01093 21.86 1.23 .01093 21.86 1.12 .01093 21.86 
10 1.24 .00990 19.80 1.13 .00979 19.58 1.01 .00965 19.31 
20 1.15 .00863 17.25 1.04 .00836 16.72 .92 .00803 16.05 
30 1.07 .00713 14.26 .96 .00668 13.36 .85 .00612 12.24 
40 1.01 .00550 11.00 .91 .00488 9.76 .80 .00413 8.27 
50 .96 .00387 7.74 .86 .00314 6.28 .77 .00231 4.61 
60 
.93 .00237 4.73 .84 .00161 3.22 .75 .00080 1.60 
70 .91 .00108 2.16 .83 .00037 .73 WW MM 
Tabl# 16. Wheat leoooante and groee narglnal ratee of subetltutlon (MRS) between fertiliser (F) 
and land (A) for Sammer Par. 
12.33 laaunda 11.26 maunds 10.19 munda 
F A MRS lores A MRS Aores A MBS Aorea 
(lbs.) (Aorea) replaoed (Aores) reixLaoed (Acres) replaced 
per ton of per ton of per ton of 
fertilizer fertiliser fertiliser 
0 1.35 .00981 19.61 1.23 .00981 19.61 1.12 .00981 19.61 
10 1.26 .00896 17.92 1.14 .00887 17.75 1.02 .00876 17.53 
20 1.17 .00794 15.88 1.06 .00773 15.46 .94 .00746 14.92 
30 1.10 .00675 13.51 .99 .00639 12.78 .87 .00594 11.88 
40 1.04 .00545 10.89 .93 .00494 9.87 
M
 
CO 
.
 
.00432 8.63 
50 .99 .00410 8.20 .89 .00348 6.95 .79 .00275 5.50 
60 .96 .00281 5.63 .86 .00213 4.27 .77 .00138 2.76 
70 .93 .00165 3.31 .84 .00098 1.96 .76 .00027 •53 
80 .92 .00067 1.34 .84 .00004 .07 
Table 1?. Wheat Isoquants and gross marginal rates of substitution (MBS) between fertilizer (F) 
and land (A) for Eonibar 
14.01 aaunds 13*20 aaunds 12.39 maimds 
7 A MRS Acres A MRS Acres A MRS Acres 
(lbs.) (Acres) replaced (Acres) replaced (Acres) replaced 
per ton of per ton of per ton of 
fertilizer fertilizer fertilizer 
0 1.21 .00893 17.86 1.14 .00893 17.86 1.07 .00893 17.86 
10 1.13 .00748 14.97 1.06 .00739 14.77 .99 .00727 14.55 
20 1.06 .00579 11.59 .99 .00557 11.15 .92 .00532 10.65 
30 1.01 .00390 7.95 .95 .00364 7.29 .88 .00327 6.54 
40 .98 .00221 4.42 .92 .00180 3.60 .86 .00136 2.71 
50 .97 .00064 1.28 .91 .00021 .43 
Table 18. Wheat leoauants and groae marginal rates of substitution (MRS) between fertilizer (?) 
and land (A) for Pisanganj 
15*56 oaunds 13*75 naunds 11*93 maunds 
F A MRS Aores A MRS Acres A MRS Aorea 
(lbs.) (Aores) replaoed (Aores) replaced (Acres) replaced 
per ton of per ton of per ton of 
fertiliser fertilizer fertiliser 
0 1*54 .01198 23*96 1.36 .01198 23.96 1.18 .01198 23.96 
10 1.42 .01117 22.33 1.24 .01104 22.09 1.06 .01088 21.76 
20 1.32 .01016 20.31 1.14 .00986 19.71 .96 .00944 18.88 
30 1.22 .00894 17*88 1.05 .00841 16.81 .88 .00767 15.34 
40 1.14 .00754 15.09 .97 .00676 13.52 .81 .00571 11.41 
50 1.07 .00604 12.08 .91 .00504 10.08 .76 .00378 7.56 
60 1.02 .00453 9*06 .87 .00341 6.81 .73 .00210 4.19 
70 *98 .00312 6.25 .84 .00198 3.97 .72 .00075 1.51 
80 *95 .00190 3*79 .83 .00082 1.65 — — 
90 *94 .00087 1*75 —- — — - — — 
100 *93 .00005 *09 — —— WW __ WW 
Table 19. Wheat isoqoants and gross marginal rates of substitution (MRS) between fertilizer (?) 
and land (A) for average of 10 centres 
20.84 maimds 18*95 maunds 17*06 maunds 
F k MRS Acres A MBS Acres A MRS Acres 
(lbs*) (Acres) replaced (Acres) replaced (Acres) replaced 
per ton of per ton of per ton of 
fertilizer fertiliser fertilizer 
0 1.37 .00991 19*82 1*25 *00991 19.82 1*12 .00991 19.82 
10 1*28 .00895 17.90 1.15 *00884 17.68 1.03 *00871 17.42 
20 1.19 *00780 15.59 1*07 .00754 15.09 .95 .00723 14.45 
30 1*12 *00647 12*94 1*00 *00605 12.10 .89 .00553 11.05 
40 1*07 *00504 10*08 .95 *00446 8*92 .84 .00376 7.53 
50 1*02 *00360 7.21 .91 .00292 5.84 
GO 
•
 .00213 4.25 
60 *99 *00226 4*52 .89 .00154 3.07 *80 .00074 1.48 
70 .98 *00109 2*17 .88 .00038 .76 — 
— 
— 
80 .97 *00010 *21 MM 
Sabl« 20. Wheat Isoqtiants and gross marginal rates of substltatlon between fertilizer (P) 
and land (A) for Shagwai 
28.20 maunds 20.89 naunds 13*58 maunds 
F A MRS Acres A MRS Apres A MRS . Acres 
(lbs.) (Acres) replaced 
per ton of 
fertiliser 
(Acres) replaced 
per ton of 
fertilizer 
(Acres) replaced 
per ton of 
fertiliser 
0 4.50 .05344 106.88 3.33 .05344 106.88 2.17 .05344 106.88 
10 3.97 .05236 104.72 2.80 .05188 103.76 1.64 .05063 101.25 
20 3.45 .05078 101.55 2.30 .04921 98.41 1.17 .04398 87.95 
30 2.96 .04837 96.75 1.83 .04446 88.92 .79 .02968 59.37 
40 2.49 .04469 89.38 1.42 .03637 72.75 .58 .01324 26.48 
50 2.07 .03917 78.34 1.11 .02519 50.37 .50 .00440 8.80 
60 1.71 .03163 63.26 .91 .01458 29.15 .48 .00069 1.39 
70 1.44 .02304 46.07 .81 .00746 14.92 
— — 
— 
80 1.25 .01525 30.50 .75 .00338 6.76 — —— —— 
90 1.13 .00943 18.85 .73 .00107 2.14 — — 
100 1.05 .00551 11.02 — — — —— — 
110 1.01 .00295 5.90 — — — 
120 .99 .00127 2.54 — — — 
130 .98 .00013 .27 MM —M — Wi 
Table 21. Paddy rice Iso^uânts and gross marginal rates of substitution (MRS) between fertilizer (F) 
and land (A) for Bhafml 
34.2? aaunds 27*57 maunds 20.87 maunds 
F • MRS lores A MRS Acres A MRS Aores 
(lbs.) (Aores) replaoed (Aores) replaoad (Aores) replaced 
per ton of per ton of per ton of 
0 2.42 .02634 52.69 1.94 .02634 52.69 1.47 .02634 52.69 
10 2.16 .02517 50.35 1.69 .02483 49.65 1.22 .02419 48.38 
20 1.92 .02355 47.10 1.45 .02255 45.09 .99 .02055 41.10 
30 1.69 .02131 42.63 1.24 .01924 38.48 .81 .01511 30.22 
40 1.49 .01838 36.75 1.07 .01494 29.87 .69 .00902 18.04 
50 ' 1.33 .01483 29.67 .94 .01027 20.55 .63 .00422 8.43 
60 1.20 .01106 22.13 .86 .00618 12.37 .60 .00121 2.41 
70 1.10 .00758 15.16 .82 .00315 6.29 — 
— — 
80 1.04 .00473 9.45 .79 .00108 2.16 — — — 
90 1.01 .00257 5.14 
— 
— —— 
—— 
— — 
100 
.99 .00101 2.01 __ 
Table 22. Paddy rice isoquanta and gross marginal rates of substitution (MRS) between fertilizer (F) 
and land (A) for Tirurkuppam 
20.67 maunds 16.21 maunds 11.75 maunds 
F A MRS Acres A MRS Acres A MRS Acres 
(lbs.) (Acres) replaced (Acres) replaced (Acres) replaced 
per ton of per ton of per ton of 
fertilizer fertilizer fertilizer 
0 2.83 .02144 42.87 2.22 .02144 42.87 1.61 .02144 42.87 
10 2.62 .02088 41.76 2.01 .02070 41.40 1.40 .02036 40.72 
20 2.42 .02018 40.35 1.81 .01971 39.32 1.20 .01874 37.48 
30 2.22 .01929 38.57 1.62 .01838 36.77 1.03 .01636 32.72 
40 2.03 .OI8I7 36.34 1.44 .01664 33.27 .88 .01314 26.29 
50 1.86 .01679 33.58 1.29 .01444 28.88 .77 .00946 18.91 
60 1.70 .01513 30.26 1.15 .01188 23.75 .69 .00603 12.05 
70 1.55 .01322 26.44 1.05 .00919 18.37 .64 .00337 6.74 
80 1.43 .01114 22.28 .97 .00666 13.33 .62 .00153 3.05 
90 1.33 .00903 18.06 .91 .00453 9.05 .61 .00030 .60 
loo 1.25 .00704 14.08 .88 .00284 5.65 W W  W W  W W  
110 1.19 .00527 10.54 .86 .00157 3.13 w#» W W  W W  
120 1.14 .00378 7.56 .85 .00062 1.24 W W  W W  W W  
130 1.11 .00256 5.13 MM •• W W  W W  W W  
140 1.09 .00159 3.18 W W  W W  #### W W  
150 1.08 .00082 1.64 W W  W W  
I60 1.07 .00021 .41 mmmm • •»« W W  — W W  W W  
1 
Table 23. Faddy rloe Isoquants and gross marginal rates of substitution (MRS) between fertilizer (F) 
and land (À) for Chandkori 
23.40 aaunds 19.00 maimds 14.60 maunds 
F 
(lbs.) 
A 
(Acres) 
MRS Acres 
replaced 
per ton of 
fertilizer 
A 
(Acres) 
MRS Acres 
replaced 
per ton of 
fertilizer 
A 
(Acres) 
MRS Acres 
replaced 
per ton of 
fertilizer 
0 2.29 .02176 43.51 1.86 .02176 43.51 1.43 .02176 43.51 
10 2.08 .02090 41.80 1.65 .02066 41.33 1.22 .02025 40.50 
20 1.88 .01976 39.52 1.45 .01911 38.22 1.03 .01789 35.78 
30 1.68 .01825 36.50 1.27 .01695 33.90 .87 .01442 28.84 
40 1.51 .01631 32.62 1.11 .01412 28.25 .74 .01014 20.28 
50 1.36 .01394 27.87 .99 .01084 21.67 .66 .00605 12.10 
60 1.23 .01127 22.54 .90 .00755 15.11 .62 .00296 5.92 
70 1.14 .00856 17.12 .84 .00474 9.49 .60 .00092 1.84 
80 1.06 .00008 12.16 .80 .00260 5.20 — — — 
90 1.01 .00401 8.03 .78 .00106 2.12 — — 
100 .98 .00239 4.77 — — —— — — 
110 .96 .00115 2.30 — — — — — — 
120 .95 .00022 .44 — — — — — — 
Table 24. Paddy rloe isoquants and gross marginal rates of substitution (MRS) between fertilizer (F) 
and land (A) for Chinsurah 
27.27 maunds 25*86 maunds 24.44 aaunds 
F • A MRS Acres A MRS Acres A MRS Acres 
(lbs.) (Acres) replaced (Acres) replaced (Acres) replaced 
per ton of per ton of per ton of 
fertilizer fertilizer fertilizer 
0 1.18 .00689 13.78 1.12 .00689 13.78 1.06 .00689 13.78 
10 1.12 .00592 11.84 1.06 .00586 11.73 .99 .00580 11.60 
20 1.06 .00482 9.64 1.01 .00469 9.38 .95 .00455 9.10 
30 1.02 .00363 9.26 .97 .00343 6.87 .91 .00321 6.42 
40 .99 .00243 4.86 .94 .00218 4.35 .88 .00189 3.79 
50 .97 .00130 2.59 .92 .00101 2.01 .87 .00069 1.38 
60 .96 .00028 
.57 — WW «MM wee 
Table 25» Paddy rice Isoquants and gross marginal rates of substitution (MRS) between fertilizer (F) 
and land (A) for Cuttaok 
30.48 maunds 28*08 maunds 25*69 maunds 
F A MRS Acres A MBS Acres A MRS Acres 
(lbs*) (Acres) replaced (Acres) replaced (Acres) replaced 
per ton of per ton of per ton of 
fertilieer fertilizer fertilizer 
0 1.31 *01224 24*49 1*20 *01224 24*49 1*10 *01224 24*49 
10 1.20 *01024 20*48 1*09 *01005 20*10 *99 *00982 19.63 
20 1*10 *00780 15.59 1*01 *00735 14*70 .91 *00681 13*62 
30 1*04 *00514 10*27 .95 *00446 8*92 .86 *00368 7.36 
40 1*00 *00260 5.21 .92 *00182 3*65 .83 *00097 1.94 
50 *99 *00048 .95 w MM Mm* 
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A. Land-Fertilizer Isoquant s 
Land-fertilizer isoquant maps for Nilolcheri (Table 11), Samalkota 
(Table 14), Kunihar (Table 1?), and Pisanganj (Table 18) are shown in 
Figures 8 through 11 respectively. The characteristic features of these 
land-fertilizer isoquant curves are briefly discussed below. 
A land-fertilizer isoquant representing a particular level of output 
indicates all the possible combinations of land and fertilizer which will 
produce the specified level of output. All sets of land-fertilizer iso­
quant curves shown in Figures 8 through 11 intersect the vertical axis 
which represents input of land. This characteristic of the land-fertilizer 
isoquants implies that* (a) land is an absolutely essential input in crop 
production i.e., crop output will be zero wh«i land input is zero; (b) the 
level of crop output represented hy a particular land-fertilizer isoquant 
can be produced with only land input (including resources which coiq>lement 
land such as labor, seed, and machinery etc.) and no fertilizer; and (c) the 
point of intersection of a land-fertilizer isoquant with the land axis 
indicates the amount of land required to produce the level of output re­
presented hy the isoquant. 
The slope of a land-fertilizer isoquant curve at a particular point 
indicates the rate at which fertilizer substitutes for land in producing 
the level of output represented by the particular land-fertilizer isoquant. 
All sets of land-fertilizer isoquant curves shown in Figures 8 through 11 
are convex to the origin. Hence the rate at which fertilizer substitutes 
for land along a particular isoquant declines as the mix of inputs includes 
a greater proportion of fertilizer. The land-fertilizer isoquants for 
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Figure 8. Paddy rice isoquants for Nilokheri 
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Figure 9. Paddy rice isoquants for Samalkota 
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Figure 10. Wheat isoquants for Kunihar 
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Figure 11 Wheat isoquants for Pisanganj 
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Nllokherl (Figure 8) have a greater curvature than the isoquants for 
Saaalkota (Figure 9). The greater curvature In the isoquants for Nilo-
kheri indicates a more rapid change in the marginal rates of substitution 
between fertiliser and land. 
The two points on a land-fertilizer isoquant where factors substitute 
at zero and infinite rate (points a and b in Figure 8} give the limits or 
range of technically rational possibilities of substitution between fer­
tilizer and land. The isoquants for Pisanganj (Figpire 11) have a greater 
range of technical possibilities of substitution than the isoquants for 
Kunihar (Figure 10), The range of technical possibilities of substitution 
becomes wider for isoquants representing higher levels of output as shown 
in Figures 8 through 11. 
The land-fertilizer production function, as mentioned earlier, has 
constant returns to scale for the two factors considered alone so that a 
proportionate increase of both land and fertilizer increases output by the 
same proportion. Since the land-fertilizer production function is homo-
gweous of degree one, the marginal productivities of land and fertilizer 
are homogeneous of degree zero, i.e., they remain unchanged for propor­
tionate changes of both iiqmts (10, p. 63)* Hence marginal rates of sub­
stitution, the ratio of marginal products, remain unaltered on equally 
spaced isoquants at the points where they are intersected by a straight 
line through the origin. In other words, the isoquants which are equally 
apart in the input plan have the same slope at the points of their inter­
section by a straight line passing through the origin. This is shown in 
Figure 12 which illustrates 14 maunds, 20 maunds and 26 maunds isoquant 
combinations ffoÈ&Zàble 26. The straight line passing throu^ the origin 
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Figure 12. Paddy rice isoquants for Bhagwai 
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14 laaimrts 20 aaunds 26 maunds 
A MRS A MRS A MRS 
(Aoras) (Aoras) (Aoras) 
.99 .026341 1.41 •02634 1.83 .02634 
.86 .02486 1.28 .02537 1.70 .02562 
.74 •02263 1.16 .02407 1.58 .02441 
.63 .01942 1.04 .02236 1.46 .02359 
.55 .01522 .93 .02014 1.34 .02220 
.48 .01062 .84 .01742 1.24 .02052 
.44 .00652 .76 .01431 1.14 .01853 
.42 -00342 
.00129 
.70 .01107 1.05 .01626 
.41 .65 .00805 .98 .01381 
.62 .00548 .91 .01132 
.60 
.58 
.00342 
.001.84 
.86 
.82 
.00694 
.00680 
.57 .00065 .79 .00496 
— 
.77 
.76 .00217 
.75 .00116 
— — .74 .00035 
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Intersects the three isoquants at three different combinations of land and 
fertilizer, i.e., 35 pounds of fertilizer and .42 acres of land, jO pounds 
of fertilizer and .60 acres of land, 65 pounds of fertilizer and *77 acres 
of land respectively. At these combinations of land and fertilizer, the 
marginal rate of substitution is constant at .00342 as shown in Table 26. 
In Figure i Z  the straight line passing through the origin is a scale 
line indicating a. fixed proportion of land and fertilizer used at different 
levels of output. In the present case, the scale line is also an isocline 
because it connects points of equal slope on successively higher isoquants. 
Hence the ratio in which land and fertilizer are combined should remain the 
•MM regardless the level of output. The optimum magnitude of inputs and 
output increases or decreases in response to change in the price of the 
product relative to the price of the inputs, but the optimum input ratio 
does not change if the prices of the inputs remain constant relative to each 
other. However» the optimum ratio of inputs changes as the price ratio of 
the inputs changes. 
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B. Marginal Rates of Substitution Between 
Fertilizer and Land 
We presented the empirical estimates of "gross" marginal rates of 
substitution between fertilizer and land in Tables 11 through 25. These 
are "gross" marginal rates of substitution in the sense that resources 
which complement land and fertilizer are also involved in the substitution 
process. For exang)le, "fixed" resources such as seed, machinezy, labor, 
etc. are associated with land and "variable" resources such as additional 
labor to apply fertilizer is included with fertilizer. 
This section examines the "gross" marginal rates of substitution 
between fertilizer and land. The discussion will cover the derived esti­
mates for selected locations only. 
A 28.20 maunds output of wheat for Bhagwai (Table 20) can be obtained 
with 20 pounds of fertilizer and 3*^5 acres of land; 40 pounds of fertili­
zer and 2.49 acres of land; 80 pounds of fertilizer and 1.25 acres of land 
etc. At these combinations of fertilizer and land, one pound of fertili­
zer substitutes for .05078 acres, .04469 acres and .01525 acres respective­
ly. Hence a ten of fertilizer (2,000 pounds) spread similarly over more 
acres of the same type of land substitutes for 101.55 acres, 89.38 acres 
and 30.50 acres respectively. 
A 20.67 maund output of paddy rice for Tirurkuppam (Table 22) can be 
obtained with 2.83 acres and no fertilization; 1.86 acres and 50 pounds 
of fertilizer; 1.25 acres and 100 pounds of fertilizer etc* At these 
combinations of land and fertilizer, one pound of fertilizer substitutes 
for .02144- acres, .01679 acres and .00704 acres respectively. On the basis 
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of the equivalent of a ton of fertilizer, these combinations represent the 
substitution of a ton of fertilizer for 42.8? acres, 33*58 acres, and 14.08 
acres respectively. However, when .61 acres and 90 pounds of fertilizer 
are used to produce 11.75 maunds output, one pound of fertilizer substitua 
tes for only .0003 acres (a ton of fertilizer for .60 acres). 
A 23.40 maund output of paddy rice for Chandkuri. (Table 23) can be 
produced with 1.88 acres and 20 pounds of fertilizer; 1.5^ acres and 40 
pounds of fertilizer; 1.06 acres and 80 pounds of fertilizer etc. The 
corresponding marginal rates of substitution are one pound of fertilizer 
for .01976 acres, .OI63I acres and .00608 acres respectively. Hence, a 
ton of fertilizer spread similarly over more acres of land substitutes 
for 39*52 acres, 32.62 acres, and 12.16 acres respectively. However, when 
.60 acres and 70 pounds of fertilizer are used to produce 14.60 maunds 
output, one additional pound of fertilizer substitutes for only .00092 
acres (a ton of fertilizer for 1.84 acres). 
At the combination of 1.53 acres and no fertilizer to produce 40.07 
maunds output of paddy rice for Nilokheri (Table 11), one additional pound 
of fertilizer substitutes for .0I706 acres (a ton of fertilizer for 34.12 
acres). When the same level of output is produced with .99 acres and 60 
pounds of fertilizer, one additional pound of fertilizer substitutes for 
only .00056 acres (a ton of fertilizer for 1.11 acres). For Samalkota 
(Table 14), 38.13 maunds output of paddy rice can be obtained with 1.12 
acres of land and 30 pounds of fertilizer; .98 acres of land and 80 pounds 
of fertilizer etc. In the case of the former resource combination, one 
pound of fertilizer substitutes for .00456 acres (a ton of fertilizer for 
9»l2 acres). In the case of the latter resource combination, one pound of 
fertilizer substitutes for only .00085 acres (one ton of fertilizer for 
1*70 acres). 
A 23.46 maund output of paddy rice for Raneshwar (Table 12) can be 
obtained with 1.42 acres and no fertilizer; 1.12 acres and 30 pounds of 
fertilizer, .98 acres and 60 pounds of fertilizer etc. The corresponding 
marginal rates of substitution are one pound of fertilizer for .01173 acres, 
.00735 acres, and .00206 acres respectively. Hence, a ton of fertilizer 
spread similarly over more acres is estimated to substitute for 12.45 
acres, 14.70 acres, and 4.12 acres respectively. However, ^ en .78 acres 
and 60 pounds of fertilizer are used to obtain 18.87 maunds output, one 
pound of fertilizer substitutes for only .00017 acres (a ton of fertilizer 
for .33 acres). 
With 50 pounds of fertilizer for the Chalakudy data (Table 13), .82 
acres of land are required to produce 20.06 maunds of paddy rice, and 1.12 
acres of land are required for 25*79 maunds output. In the case of the 
former resource combination and output level, one pound of fertilizer 
substitutes for .00429 acres (a ton of fertilizer for 8.58 acres). In 
the case of the latter resource combination and output level, one pound 
of fertilizer substitutes for .OO58I acres (a ton of fertilizer for 11.22 
acres). 
At the combination of 50 pounds of fertilizer and .97 acres of land to 
produce 27.27 maunds of paddy rice for Chinsurah (Table 24), one pound of 
fertilizer substitutes for .OOI3O acres (a ton of fertilizer for 2.59 
acres). For the Cuttack data (Table 25), one pound of fertilizer substi­
tutes for .01024 acres (a ton of fertilizer for 20.48 acres) nhen the com-
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blnatlon Is 10 pounds of fertilizer and 1.20 acres of land to produce 
30.48 maunds output. A 25.86 maund output for Chinsurah and a 28.08 maund 
output for Cuttack can be obtained with the same combination of fertiliser 
and land, namely, 20 pounds of fertilizer and l.Ol acres of land. For 
the resource combination and output level for Chinsurah, the marginal rate 
of substitution is .00469 (a ton of fertilizer for 9.38 acres). For the 
resource combination and output level for Cuttack, the marginal rate of 
substitution is .00735 (a ton of fertilizer for 14.70 acres). 
With the combination of 1.21 acres and no fertilizer to produce 14.01 
maunds of wheat for Kunihar (Table 17), one additional pound of fertilizer 
substitutes for .00893 acres (a ton of fertilizer for 17,86 acres). When 
the same level of output is produced with .97 acres and 50 pounds of fer­
tilizer, one additional pound of fertilizer substitutes for only .00064 
acres (a ton of fertilizer for 1.28 acres). For Sammer Pur (Table 16), 
11.26 maunds output for wheat can be obtained with 1.23 acres and no fer­
tilizer; .84 acres and 80 pounds of fertilizer etc. In the case of the 
former resource combination, one pound of fertilizer substitutes for 
.00981 acres (a ton of fertilizer for 19*61 acres. In the case of the 
latter resource combination, one pound of fertilizer substitutes for only 
.0004 acres (a ton of fertilizer for .07 acres). 
With 50 pounds of fertilizer for the Pisanganj data (Table 18), .76 
acres of land are required to produce 11.93 maunds output of wheat, ,91 
acres of land are required for 13.75 maunds output, and I.07 acres of land 
are required for I5.56 maunds of output. The corresponding marginal rates 
of substitution are one pound of fertilizer for .00378 acres, .00504 acres, 
and .00604 acres respectively. Hence, a ton of fertilizer similarly 
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spread over more acres substitutes for the production obtained from 7*56 
acres, 10.08 acres, and 12.08 acres respectively. 
For the Average of 11 different locations (Table 15)» 28.95 maunds 
of paddy rice can be obtained with 1.35 acres and no fertilizer; l.Ol acres 
and 40 pounds of fertilizer etc. The corresponding marginal rates of sub­
stitution are one pound of fertilizer for .01093 acres (a ton of fertilizer 
for 21.86 acres), and .00550 acres (a ton of fertilizer for 11.0 acres) 
respectively. For the Average of 10 different locations (Table 19), a 
20.80 maunds output of lAeat requires 1.37 acres and no fertUulzatlon, 
1.07 acres and 40 pounds of fertilizer etc. The corresponding marginal 
rates of substitution are one pound of fertilizer for .00991 acres (a ton 
of fertilizer for 19.82) and .00504 acres (a ton of fertilizer for 10.08) 
reseectlvely. For both wheat and paddy rice data, there are two observa­
tions which use 1.07 acres of land; (a) 40 pounds of fertilizer to pro­
duce 20.84 maunds of wheat (Table 19) and (b) 30 pounds of fertilizer to 
produce 28.94 maunds of paddy rice (Table 15)* In the case of the foraer 
resource combination and output level of wheat, one pound of fertilizer 
substitutes for •00504- acres (a ton of fertilizer for 10.08 acres). In 
the case of the latter resource combination and output level of paddy 
rice, one pound of fertilizer substitutes for .00713 acres (a ton of ferw 
tlUzer for 14.26 acres). 
The fore-going discussion Indicates large possibilities of substitu­
tion between fertilizer and land In production of wheat and paddy rice. 
There Is, however, a wide variation in the rate and extent to which fer^ 
tilizer substitutes for land in production of each crop at different lo­
cations. As an exaiq>le, a ton of fertilizer substitutes for 101.55 acres 
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of land when 20 pounds of fertilizer and 3*45 acres of land are used to 
produce 28.20 maunds of wheat for Bhagwai (Table 20). But the replacement 
rate per ton of fertilizer is only 11.59 acres of land for Kunihar (Table 
1?) when 20 pounds of fertilizer and 1.13 acres of land are used to obtain 
14.01 maunds of whe*t. Again, the technically rational range of substitu­
tion between fertilizer and land also varies widely for the two locations. 
For Bhagwai, fertilizer to the extent of 130 pounds can be substituted for 
land to obtain 28.20 maunds output. The substitution limit for fertilizer 
is only 50 pounds to produce 14.01 maunds of wheat for Kunihar. 
It is assumed that marginal rates of substitution may vary due to 
many factor involved in crop production such as soil type, level of fer­
tilization, type of crop, level of output, climate and other environmental 
factors. We will attempt to isolate some of the factors which may e:q)lain 
the variations in the derived estimates of marginal rates of substitution 
between fertilizer and land. 
It seems that the initial fertility level of the soil is an important 
factor influencing the rate at which fertilizer substitutes for land. It 
is assumed that yield response to fertilizer is likely to vary Inversely 
with the initial fertility level of the soil. The hi^er the initial fer^ 
tillty level of the soil, other things remaining constant, the lower the 
response of yield to fertilizer and vice versa. Since marginal rate of 
substitution of fertilizer for land is the ratio of marginal product of 
fertilizer to marginal product of land, the value of marginal rate of sub­
stitution will be high if the initial fertility level of the soil is low 
and vice versa. Evidence supporting this proposition can be seen in the 
enqpirlcal results obtained in this study. We may consider landmfertillser 
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production function for Raneshwar (Equation 68) and Samalkota (Equation 
67). The initial fertility level of soil as indicated by the coefficient 
of A is 16.367 in (Equation 68) and 29.717 in (Equation 67). Hence, mar­
ginal rates of substitution are higher for Raneshwar as compared vlth the 
corresponding values for Samalkota as shovn in Table 27. 
The marginal rate of substitution of fertilizer for land varies with 
the level of fertilization of each acre of land. For Bhagwai data (Table 
21), for example, there are two fljjsservations which use .99 acres of land* 
(a) 20 pounds of fertilizer to produce 20.87 maunds of paddy rice and (b) 
100 pounds of fertilizer to produce 34.27 maunds of paddy rice. In the 
case of the former resource combination and output level, the marginal 
rate of substitution is .02055 (& ton of fertilizer substitutes for 41.10 
acres of land). In the latter case, the marginal rate of substitution is 
.OOlOl (a ton of fertilizer substitution for only 2.01 acres of land). 
The marginal rate of substitution of fertilizer for land declines as 
the mix of inputs Includes a greater proportion of fertilizer for producing 
the given level of output. As shown in Table 11, each successive incre­
ment of fertilizer substitutes for less land than the previous increment 
in producing 40.07 maunds output. The relative productivity of Inputs 
changes as the mix of inputs changes for producing a given level of output. 
As an increasing amount of fertilizer is combined with a decreasing amount 
of land for producing the specified level of output, the marginal product 
of fertilizer declines while the marginal product of land Increases. 
Hence, marginal rate of substitution decdnes as the mix of Inputs in­
cludes a greater proportion of fertilizer for producing the given level 
of output. 
Table 27. A 20 zoaund paddy rloe isoquant and gross marginal rates of substitution 
between fertilizer (F) and land (A) for Raneshnar and Samalkota 
Raneshwar Samalkota 
20.0 maunds 20.0 maunds 
F A MRS Aores A MRS Aores 
(lbs.) (Aores) replaced (Aores) replaced 
per ton of per ton of 
fertilizer fertilizer 
0 1.20 .01173 23.45 .67 .00646 12.92 
10 1.09 .01030 20.60 .61 .00533 10.66 
20 1.00 .00849 16.99 .57 .00395 7.90 
30 .93 .00640 12.80 .53 .00247 4.94 
40 .87 .00424 8.47 .52 .00I09 2.I9 
50 .84 .00227 4.53 
60 .82 .00065 1.30 
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For a given level of fertilizer input, marginal rate of substitution 
of fertilizer for land increases as the level of output increases. This 
can be seen in Table 11 which gives marginal rates of substitution for 
three isoquant levels. For exaiq)le, when fertilizer is fixed at 30 pounds, 
marginal rate of substitution of fertilizer for land increases from .0060^ 
to .00904 as the level of output increases from 30.81 maunds to 40.07 
maunds. This result occurs because of the change in the ppepportian. of 
land and fertilizer inputs required to produce the two levels of output. 
Since fertilizer is fixed at JO pounds, a higher level of output requires 
a greater quantity of land input. As shown in Table 11, the quantity of 
land increases from .88 acres to I.I3 acres as the level of output in­
creases from 30.81 maunds to 40.07 maunds. Thus an increasing quantity 
of land is used with a fixed quantity of fertilizer to produce increasing 
level of output. Since only land input is increased, its marginal and 
average product declines. Increasing land input, with fertilizer input 
held constant, raises marginal and average produce of fertilizer. Since 
marginal product of fertilizer rises while marginal product of land de­
clines, marginal rate of substitution of fertilizer for land increases as 
the level of output increases. 
The marginal rate of substitution seems to differ in production of 
wheat and paddy rice. We may consider two land-fertilizer production 
functions which were fitted to the average yield of 11 different locations 
for paddy rice (Equation 7I) and the average yield of 10 different locations 
for wheat (Equation 75) • ^ 20 maund paddy rice and lAeat isoquant and the 
corresponding marginal rates of substitution are given in Table 28. The 
table indicates that fertilizer substitutes at a higher rate for land in 
Table 28. • 20.0 aaund Isoquant and gross marginal rates of substitution (MRS) between 
fertiliser (F) and land (A) for the average of 11 locations for paddy rice 
aiKi for the average of 10 locations for wheat 
Average of 11 locations Average of 10 locations 
20.0 naunds Paddy Rice 20.0 maunds wheat 
F 
(lbs.) 
A 
(Acres) 
MRS Acres 
replaced 
per ton of 
fertilizer 
A 
(Acres) 
MRS Acres 
replaced 
per ton of 
fertilizer 
0 .93 .01093 21.86 1.32 .00991 19.82 
10 .83 .00936 18.72 1.22 .00890 17.81 
20 
.75 .00730 14.60 1.14 .00769 15.38 
30 .68 .00494 9.87 1.07 .00629 12.59 
40 .65 .00267 5.34 1.01 .00480 9.59 
50 .63 .00081 1.63 .97 .00331 6.62 
60 — 
— 
.94 .00195 3.90 
70 aaM __ .93 .00078 1.55 
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production of wheat than paddy rice. For example, when the level of fer­
tilizer is 40 pounds, a ton of fertilizer substitutes for wheat production 
obtained from 9*59 acres and paddy rice production obtained from 5*3^ acres. 
Marginal rates of substitution seem to vary with the type of nutri­
ents supplied by a particular fertilizer mix. Yield response to one nutri­
ent may be conditioned by the presence of another nutrient. When two nutri­
ents are applied together yield response may be higher than the response 
to each nutrient applied alone. This difference in productivity would in 
turn affect the rate at which fertilizer, representing a given mix of 
nutrients, substitutes for land. In view of the limited amount of data 
used in this study, it is difficult to account for the variation in substi­
tution rates due to the difference in the type of nutrients applied. This 
is particularly so when the yield response to different types of fertilizer 
nutrients vary with the agro-climatic conditions and the fertility status 
of the soil which, in turn, effect the rates of substitution between fer­
tilizer and land. Nevertheless, we may consider land-fertilizer production 
functions for Nllokherl (Equation 70)and Cuttack (Equation 81). The mix of 
nutrients include N and PgQ^for Nllokherl and N only for Cuttack. The 
initial level of fertility as indicated by the coefficient of À In Equations 
70 and 81 is almost the same for the two locations. A 29.0 maund Isoquant 
and the corresponding marginal rates of substitution between fertilizer and 
land for Nllokherl and Cuttack are given in Table 29» At a given level of 
fertilizer input the rate at idiich fertilizer substitutes for land is high­
er for Nllokherl than Cuttack. For exan^e, marginal rate of substitution 
is .00983 for Nllokherl and .00753 for Cuttack when fertilizer is at the 
level of 20 pounds for the two locations. The difference in the rate of 
Table 29. A 29.0 maund of Paddy rice Isoquant and gross marginal rates of substitution 
(MRS) between fertilizer (F) and land (A) for Nilokheri and Cuttack 
Nilokherl Cuttaok 
29*0 maunds 29.0 maunds 
F 
(lbs.) 
A 
(Aores) 
MBS Aores 
replaced 
per ton of 
fertiliser 
A 
(Acres) 
MRS Aores 
replaced 
per ton of 
fertilizer 
0 1.11 .01706 34.12 1.24 .01224- 24.49 
10 .95 .01403 28.05 1.13 .01013 20.25 
20 .83 .00983 19.65 1.04 .00753 15.06 
30 .,6 .00527 10.55 .98 .00473 9.46 
40 .72 .00155 3.09 .95 .00213 4.26 
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substitution may thus be due to the different types of nutrients applied. 
So far we have concentrated our attention on the factors which may-
explain the variation observed in magnitude of the estimated rates of sub­
stitution between fertilizer and land. Obviously, substitution rates also 
vary with variable levels of uncontrollable factors such as climate and 
other environmental factors. Hence the variation observed in the magni­
tude of substitution rates must be interpreted as subject to the effect of 
uncontrollable inputs. 
Now we turn to the variation in the range of technically rational 
possibilities of substitution between fertilizer and land. As shown in 
Table 2?* fertilizer to the extent of 60 pounds can be substituted for land 
to produce 20.0 maunds output for Raneshwar. For the same level of output, 
the substitution limit is 40 pounds of fertilizer for Samalkota. This 
difference in the range of substitution is small and may be attributed to 
uncontrollable factors such as climate and other environmental factors. 
There is however a marked difference in the range of substitution possi­
bilities when we congiare the rates of substitution derived from the data 
from governmental esqperimental stations and sin^e fertilizer trials con^ 
ducted on cultivators' fields. The land-fertilizer production functions 
for Tirurkuppam (Equation 78) and Chandkuri (Equation 79) were derived 
from the data from e3q>erimental stations while the land-fertilizer pro­
duction functions for samalkota (Equation 67) and Nilokheri (Equation 70) 
were derived from the data from sigg)le fertilizer trials on cultivators* 
fields. A 20.0 maund isoquant and the corresponding marginal rates of 
substitution between fertilizer and land for Tirurkuppam, Chandkuri, Samal-
Table 30. À 20.0 maund Paddy rloe Isoquant and gross marginal rates of substitution (MRS) between 
fertiliser (F) and land (A) for Tlrurkuppam, Ghandkurl, Samalkota, and Nllokherl 
Tirurkuppam Ghandkurl Samalkota Nllokherl 
20 .0 maunds 20 .0 maunds 20, .0 maunds 20. .0 maunds 
F A MRS A MRS A MRS A MRS 
:ibs.) (Acres) (Aores) (Acres) (Aores) 
0 2.74 .02144 1.96 .02176 .67 .00646 .76 .01706 
10 2.53 .02086 1.75 .02073 .61 .00533 .61 .01226 
20 2.32 .02012 1.55 .01929 .57 .00395 .52 .00571 
30 2.13 .01919 1.36 .01732 .53 .00247 .50 .00054 
w 1.94 .01800 1.20 .01474 .52 .00109 mmmm MM 
50 1.77 .01653 1.07 .01168 — •M M MM MM 
60 1.61 .01476 .97 .00851 —— MM 
70 1.48 .01274 .90 .00565 mmmm M MM MM 
80 1.36 .01057 .85 .00338 M** MM 
90 1.26 .00841 .83 .00169 «M ** IMM MM 
100 1.19 .00642 .82 .00047 MM MM MM 
110 1.13 .00469 — mmmm MM MM 
120 1.09 .00326 M mmmm MM Mm MM 
130 1.07 .00211 M MM MM MM 
140 1.05 .00121 — M MM MM MM 
150 1.04 .00049 —« —— MM 
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kota and Nllokherl are given In Table 30. The above table Indicates a 
large variation In the range of substitution possibilities between fer­
tilizer and land. For example, the range of substitution varies from I50 
pounds of fertilizer for Tirurkuppam to 30 pounds of fertilizer for Nllok­
herl. This vide variation in the range of substitution possibilities, 
apart from the effect of environmental factors, nay be due to differences 
in cultural practices and complementary Inputs used on experimental sta­
tions and cultivators* fields. Improved cultural practices such as til­
lage method, time of fertilizer application, fertilizer placement, and 
cropping practices are usually followed on experimental stations. In ad­
dition complementary Inputs such as improved seeds, insecticides, irriga­
tion and drainage facilities are also available on experimental stations. 
On the other hand, cultivators follow poor culturable practices and the 
quality of complementary inputs is low. As a result of these differences, 
the level of fertilizer application is higher on e:q)erimental stations as 
coii^>ared with cultivators' fields. For example, when land is held con­
stant at one acre, the maximum level of nutrient inputs includes I7O.76 
pounds of N and fl.ll pounds of PgO^ for the land-fertilizer production 
function for Tirurkuppan (Equation 78) and 49.91 pounds of N and 14.15 
pounds of for the land-fertilizer production function for NilokherL 
(Equation 70). Hence the differences in cultural practices and in the 
quality of complementary inputs may explain the wide variation in the range 
of substitution possibilities on experimental stations and cultivators' 
fields. 
To recapitulate, fertilizer serves as an effective substitute for 
land in production of wheat and paddy rice in various regions of India. 
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There is, however, a large variation in the magnitude of the estimated 
rates of substitution. The rate of substitution varies directly with the 
level of output and inversely with the initial fertility level of the 
soil. It is somewhat higher in production of wheat than paddy rice. The 
range of substitution possibilities between fertilizer and land also shows 
large variation. It is much greater on experimental fanos than on culti­
vators* fields. The differences in cultural practices and in the quality 
of complementary inputs explains the variation in the extent to which fer­
tilizer can be substituted for land. 
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VII. EFFECT OF TECHNOLOGY ON RATES OF FACTOR SUBSTITUTION 
In the previous chapter we examined marginal rates of substitution 
between fertilizer and land derived from production functions fitted to 
data based on specific soil types, fertilizer nutrients, years, and level 
of technology. The realized rates of substitution will change over time 
with changes in technology. Technological advances which may increase 
productivity of land and fertilizer will alter rates of substitution be­
tween them. Hence, we now examine changes in marginal rates of substitu­
tion resulting from technological advances. 
Technological advances such as improved cultural practices lead to 
simultaneous increase in productivity of both land and fertilizer. We 
will, however, investigate separately changes in substitution rates as­
suming: (a) increase in productivity of fertilizer only; (b) increase in 
productivity of land only; and (c) increase in productivity of both land 
and fertilizer. It may be emphasized that technological advances which are 
assumed to increase productivity of either land or fertilizer or of both 
factors and the magnitudes of such increases are hypothetical and not pos­
tulates on reality. Moreover, it is unrealistic to assume that a specific 
innovation will increase the productivity of one factor and not of the 
other. It is even more unrealistic to assume a specific magnitude of the 
increase in productivity of each factor. The actual technological advances 
in time and space and the associated increases in productivity of factors 
are a matter of fact and not hypothesis. Our objective here is to demon­
strate the way in which such hypothetical changes could be expected to ef­
fect marginal rates of substitution between fertilizer and land. 
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We select land-fertilizer production function Equation 68 (Raneshwar) 
and Equation 73 (Kunihar) for the analysis presented in this chapter. 
These two equations are fitted to the data from single fertilizer trials 
on cultivators* fields. 
A. Changes in Rates of Substitution due to Increase 
in Fertilizer Productivity 
Technological advances which may increase productivity of fertilizer 
include new seed varieties, better irrigation and drainage, time of fer­
tilizer application, fertilizer placement and other inçroved cultural 
practices. It is assumed that these technological advances increase fer­
tilizer productivity by 10 per cent, 20 per cent, and 30 per cent. These 
productivity increases are incorporated into land-fertilizer production 
function Equation 68 (Raneshwar) and Equation 73 (Kunihar) by changing the 
coefficient of fertilizer by the given percentage increases. Thus we have 
three sets of new land-fertilizer production functions for each of the two 
locations — Raneshwar and Kunihar. The new land-fertilizer production 
functions for each locations are shown #s Case I, Case H, and Case IH 
representing 10 per cent, 20 per cent and 30 per cent increase in pro­
ductivity of fertilizer respectively. 
Raneshwar; 
Case I; Y = : 16.567A + .2137F - .001361P%A"1 
Case Ht Ï = : 16.567A + .2331F - .OOlWBWF^A-l 
Case III: Ï s : 16.567A + .2525F - ,001608FV^ 
Kunihar* 
Case It Y : : 11.583A + .1137F - .OOlOO^F^A"! 
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Case II: ï = II.583A + .1240F - .001096F^A'^ 
Case III: ï = 11.5834 + .1)44? _ .001187fV^ 
Isoquants and marginal rates of substitution derived from each of 
the land-fertilizer production functions for Raneehwar and Kunihar are 
given in Tables 31 and 32 respectively. 
For a given level of output, marginal rates of substitution of fer­
tilizer for land increase as productivity of fertilizer Increases due to 
technologieal advances. This is shown in Tables and 32 each of which 
illustrate three cases representing different increases in productivity of 
fertilizer. For Case I representing 10 per cent increase in productivity 
of fertilizer (Table 3I), a 23.46 maund output can be produced with 20 
pounds of fertilizer and I.I9 acres of land. The corresponding marginal 
rate of substitution of fertilizer for land is .0099 (a ton of fertilizer 
for 19*79 acres). For Case HI representing 30 per cent increase in pro­
ductivity of fertilizer, the same level of output can be produced with the 
same level of fertilizer input (20 pounds) and 1.14 acres of land. The 
corresponding marginal rate of substitution of fertilizer for land is 
.01151 (a ton of fertilizer for 23.02 acres). Hence, one pound of fer­
tilizer substitutes for more land in Case III than Case I due to a greater 
increase in productivity of fertilizer in the former case than in the lat­
ter case. 
Table 31. A 23*46 maund Paddy rloe Isoquant and gross marginal rates of substitution (MRS) between 
fertilizer (F) and land (A) for Raneshwar 
Case I* Case Case m® 
23.46 maunds 23.46 maunds 23.46 maunds 
F 
(lbs.) 
A 
(Acres) 
MRS Acres 
r^laced 
per ton of 
fertilizer 
A 
(Acres) 
MRS Acres 
refù^ced 
per ton of 
fertilizer 
A 
(Acres) 
MRS Acres 
replaced 
per ton of 
fertilizer 
0 1.4-2 .01290 25.80 1.42 .01407 28.14 1.42 .01524 30.49 
10 1.29 .01157 23.14 1.28 .01260 25.21 1.27 .01363 27.27 
20 1.19 .00990 19.79 1.16 .01071 21.43 1.14 .01151 23.02 
30 1.10 .00792 15.83 1.07 .00845 16.90 1.04 .00894 17.88 
40 1.03 .00579 11.57 1.00 .00601 12.03 .97 .00619 12.37 
50 .98 .00373 7.45 .95 .00370 7.41 .92 .00363 7.26 
60 
.95 .00192 3.85 .92 .00174 3.49 .89 .00153 3.06 
70 .94 .00047 .93 .91 .00021 .42 — — — 
^Case I, Case H and Case m represent 10 per cent, 20 per cent and 30 per cent increase in 
productivity of fertilizer respectively. 
Table 32* A 14.01 maund Wheat Isoquant and gross marginal rates of substitution (MRS) between 
fertilizer (F) and land (A) for Kunlhar 
Case I* Case H* Case IH* 
14.01 maunds 14.01 naunds 14.01 maunds 
F 
(lbs.) 
A 
(Acres) 
MRS Acres 
replaced 
per ton of 
fertilizer 
A 
(Aores) 
MRS Acres 
replaced 
per ton of 
fertilizer 
A 
(Aores) 
MRS Acres 
replaced 
per ton of 
fertilizer 
0 1.21 .00982 19.64 1.21 .01071 21.43 1.21 .01161 23.21 
10 1.12 .00821 16.43 1.11 .00894 17.88 l.lO .00967 19.33 
20 1.05 .00631 12.61 1.03 .00680 13.61 1.02 .00729 14.58 
30 .99 .00425 8.50 .97 .00449 8.98 .96 .00471 9.42 
40 .96 .00226 4.52 .94 .00229 4.57 .92 .00228 4.57 
50 .95 .00054 1.07 .93 .00041 .83 .91 .00027 .54 
*Gase I, Case II and Case HI represent lO per cent, 20 per cent and 30 per cent Increase in 
productivity of fertilizer respectively. 
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5. Changes in Rates of Substitution due to Increase 
in Land Productivity 
Technological advances which nay increase productivity of land in­
clude Improved irrigation and drainage facilities, weeds and insects con­
trol measurer and cropping practices. It is assumed that these technolo­
gical in^rovements increase land productivity by lO per cent, 20 per cent 
and 30 per cent. These productivity Increases are Incorporated into land-
fertilizer production function Equation 68 (Raneshwar) and Equation 73 
(Kunihar). The new land-fertilizer production functions representing 10 
per cent, 20 per cent and 30 per cent increase in productivity of land 
are shown as Case I, Case II and Case HI respectively. 
Raneshwar 
Case I* Y = : 18.233A + .1942F - .001234? A 
Case lit Y = : 19.8804 + .1942F - .001234F A 
Case Hit Y = : 21.537A + .1942F - .001234F A 
Kunihar 
Case It Y = : 12.7426 + .1034F - .OOO9I3IF A 
Case lit Y = : 13.904 + , 1034F - . ,0009131F A 
Case Hit Y = : 15.0584 + .103^^ - .OOO9I3IF A 
Isoquants and marginal rates of substitution of fertilizer for land 
derived from each of the land-fertilizer production function for Raneshwar 
and Kunihar are given in Tables 33 and 3^ respectively. 
For a given level of output, marginal rates of substitution of fer^ 
tlllzer for land decline as productivity of land increases due to techno­
logical advances. This is shown in Tables 33 And 34 each of which illus-
Table 33* A 23laaund Paddy rioe Isoquant and gross marginal rates of substitution (MRS) between 
fertilizer (F) and land (À) for Raneshwar 
Case Case H* Case III* 
23*^ waunds 23.46 maunds 23.46 maunds 
F 
(lbs.) 
A 
(Acres) 
MRS Acres 
replaced 
per ton of 
fertiliser 
A 
(Acres) 
MRS Acres 
replaced 
per ton of 
fertilizer 
A 
(Acres) 
MRS Acres 
replaced 
per ton of 
fertilizer 
0 1.29 .01066 21.32 1.18 .00977 19.54 1.09 .00902 18.04 
10 1.19 .00947 18.94 1.09 .00858 17.16 1.05 .00783 15.66 
20 l.lO .00801 16.02 l.Ol .00713 14.26 .93 .00639 12.78 
30 1.03 .00633 12.66 .95 .00548 10.96 .88 .00477 9.54 
ko 
.97 .00455 9.11 .90 .00378 7.55 .84 .00313 6.26 
50 .94 .00285 5.70 .87 .00217 4.35 .82 .00162 3.24 
60 .92 .00136 2.72 .86 .00008 1.60 .81 .00035 .69 
70 .91 .00013 .27 — — 
— — 
— 
*Case I, Case U and Case IH represent 10 per cent, 20 per cent and 30 per cent Increase in 
productivity of land respectively. 
Table 34. A 14.01 mauW Wheat Isoquant and gross marginal rates of substitution (MRS) between 
fertiliser (F) agi land (A) for Kuxiihar ^ 
Case I Case 11 Case HI 
14.01 maunds 14.01 aaunds 14.01 maunds 
F 
(lbs.) 
A 
(Acres) 
MBS Aores 
replaced 
per ton of 
fertilizer 
A 
(Aores) 
MRS Acres 
replaced 
per ton of 
fertiliser 
A 
(Acres) 
MRS Aores 
replaced 
per ton of 
fertilizer 
0 1.10 .00812 16.23 1.01 .00744 14.88 .93 .00687 13.73 
10 1.02 .00667 13.35 .94 .00600 12.00 .87 .00543 10.86 
20 
.97 .00500 10.00 .89 .00434 8.68 
CM 0
0 
.00378 7.57 
30 .93 .00323 6.46 .85 .00261 5.22 .79 .00210 4.20 
40 .90 .00154 3.09 .84 .00100 2.01 .78 ,00056 1.12 
50 .89 .00008 .17 — — 
— — 
— --
*Case I, Case H and Case HI represent 10 per cent, 20 per cent and 30 per cent increase in 
productirfi^ of land respectively. 
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trate three oases representing different Increases in productivity of land* 
A 23.46 mauxid output (Table 34) can be produced with 30 pounds of ferti­
lizer and 1.03 acres of land in Case I which represents 10 per cent in­
crease in productivity of land. The same level of output can also be pro­
duced with the same level of fertilizer input (30 pounds) and .88 acres of 
land in Case III which represents 30 per cent increase in productivity of 
land. Marginal rate of substitution of fertilizer for land is .00323 (a 
ton of fertilizer for 6.46 acres) in Case I and .00210 (a ton of fertilizer 
for 4.20 acres) in Case III. Hence, the decline in the rate at which fer­
tilizer substitutes for land results from a greater increase in produc­
tivity of land in Case HI than Case I. 
C. Changes in Rates of Substitution due to Increase 
in Productivity of Land and Fertilizer 
We now examine changes in marginal rates of substitution assuming 
simultaneous increase in productivity of land and fertilizer due to ad­
vances in technology. As mentioned earlier, technological advances such 
as in^roved cultural practices increase productivity of both land and 
fertilizer. We will consider four cases representing different increases 
in productivity of land and fertilizer. Case I represents 10 per cent 
increase in productivity of land and 20 per cent increase In productivity 
of fertilizer. Case H represents lO per cent increase in productivity of 
land and 30 per cent Increase in productivity of fertilizer. Case III 
represents 20 per cent Increase in productivity of land and 30 per cent 
increase in productivity of fertilizer. Case IV represents 20 per cent 
increase In productivity of land and 10 per cant increase in productivity 
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of fertilizer. These produotivity increases are incorporated into land-
fertilizer production function Equation 66 (Raneshwar) and Equation 73 
(Kunihar). The new land-fertilizer production function for Raneshwar and 
Kunihar are given below. 
Raneshwar; 
Case It Y = : 18.233^ + .233#^ - .001481FV^ 
Case II: Y = : 18.233^ + .2525F^ - .001608F^A"^ 
Case HI: Y = : 19.880A + .2525P^ - .001608F^A"^ 
Case IV: Y = : 19.880A + .2137F^ - .001361FV^ 
Kunihar: 
Case I: Y = : 12.7424 + .1241F^ - .001096F^A"^ 
Case H: Y = : 12.742A + .1344?^ - .001187F^A"^ 
Case HI: Y = : 13.904 + , 134W^ -. .001187FV^ 
Case IV: Y = : 13.904 + , 1137F^ -. .OOIOOW^A"^ 
Isoquants and marginal rates of substitution between fertilizer and 
land derived from each of the land-fertilizer production functions for 
Raneshwar and Kunihar are given in Tables 35 and 36 respectively. 
When productivity of both land and fertilizer increases, marginal 
rates of substitution of fertilizer for land may increase, decrease or 
remain unchanged. This depends upon the relative increase in the pro­
duotivity of each factor. If produotivity of fertilizer inoraases by a 
greater proportion than productivity of land, marginal rates of substitu­
tion of fertilizer for land increase. The reverse is true when produo­
tivity of fertilizer increases by a lesser proportion than productivity 
of land. For a constant increase in productivity of both land and fer­
tilizer, marginal rates of substitution remain unchanged. 
Table 35* ^ 23*46 navund Paddy rlce isoquuit and gross marginal rates of substitution 
(MRS) between fertilizer (F) and land (A) for Raneshwar 
Case I* Case U 
23.46 maunds 23.46 maunds 
F 
(lbs.) 
A 
(Acres) 
MRS Acres 
replaced 
per ton of 
fertilizer 
A 
(Acres) 
MRS Acres 
replaced 
per ton of 
fertilizer 
0 1.29 .01279 25.58 1.29 .01386 27.71 
10 1.17 .01133 22.65 1.16 .01225 24.50 
20 1.06 .00945 18.90 1.04 .01015 20.30 
30 .98 .00724 14.48 .96 .00765 15.29 
40 .92 .00493 9.86 .89 .00504 10.08 
50 .88 .00279 5.59 .85 .00270 5.39 
60 .86 .00103 2.05 .84 .00082 1.64 
^Case I represents 10 per cent and 20 per cent increase in productivity of land 
and fertilizer respectively. 
^Case II represents lO per cent and 30 per cent increase in productivity of land 
and fertilizer respectively. 
Table 35. (Continued) 
Case in° Case IV^ 
23.46 naunds 23.46 maunds 
F 
(lbs.) 
A 
(Acres) 
MRS Acres 
r^laced 
per ton of 
fertilizer 
A 
(Acres) 
MRS Acres 
replaced 
per ton of 
fertilizer 
0 1.18 .01270 25.41 1.18 .01075 21.50 
10 1.06 .01110 22.20 1.08 .00942 18.85 
20 .96 .00901 18.03 .99 .00777 15.55 
30 .88 .00658 13.16 .92 .00588 11.76 
40 .83 .00411 8.23 .87 .00393 7.86 
50 .80 .00115 3.90 .84 .00214 4.27 
60 
.79 .00026 .52 .83 .00064 1.28 
°C&8e in represents 20 per cent and 30 per cent Increase in productivity of land 
and fertilizer respectively. 
^ase IV represents 20 per cent and 10 per cent increase in productivity of land 
and fertiliser respectively. 
Table 36. A 14.01 i&aund wheat Isoquant and gross marginal rates of substitution (MRS) 
between fertilizer (?) and land (A) for Kunihar 
Case I* Case II 
14.01 maunds 14.01 maunds 
F 
(lbs.) 
A 
(Acres) 
MRS Acres 
replaced 
per ton of 
fertilizer 
A 
(Acres) 
MRS Acres 
replaced 
per ton of 
fertilizer 
0 i.io .00974 19.48 1.10 .01055 21.10 
10 1.01 .00797 15.94 1.00 .00861 17.23 
20 .94 .00586 11.72 .93 .00627 12.53 
30 .89 .00362 7.23 .88 .00378 7.55 
40 .87 .00154 3.07 .85 .00150 3.00 
a 
Case I represents 10 per cent and 20 per cent increase in productivity of land 
and fertilizer respectively. 
Table 36. (Continued) 
Case HI Case IV 
14.01 maunds 14.01 maunds 
F 
(lbs.) 
A 
(Acres) 
MBS Acres 
replaced 
per ton of 
fertilizer 
A 
(Acres) 
MBS Acres 
replaced 
per ton of 
fertilizer 
0 1.01 .00967 19.34 1.01 .00818 16.37 
10 .92 .00774 15.48 .93 .00658 13.16 
20 .85 .00542 10.84 .88 .00471 9.42 
30 .81 .00301 6.03 .84 .00277 5.53 
40 .79 .00087 1.74 .82 .00098 I.96 
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At a given level of fertiliser input, marginal rates of substitution 
of fertilizer for land increase in Case II and decrease in Case IV when 
cos^>ared with the rates of substitution in Case I (Table 35)* For exaiq>le, 
one pound of fertiliser substitutes for .009^5 acres of land in Case I, 
.01015 acres of land in Case II, and .00777 acres of land in Case 17 when 
20 pounds of fertilizer are used with 1,06 acres, 1,04 acres and .99 acres 
respectively to obtain 2^.46 maunds output. As coiiQ>ared to Case I, the 
increase in rates of substitution in Case II and decrease in Case IV is 
due to greater increase in productivity of fertilizer relative to land in 
the former case than in the latter case. 
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YHI. A COMPARISON OF RATES OF FACTOR SUBSTITUTION 
IN INDIA AND THE UNITED STATES 
Technology is a dynamic variable which changes substitution relation­
ships between factors of production. In the previous chapter we examined 
the effect of assumed technological advances on marginal rates of substi­
tution between fertilizer and land. We have shown that marginal rates of 
substitution of fertilizer for land increase if the productivity of ferti­
lizer increases by a greater proportion than the productivity of land. We 
now raise the question* Would the rates of substitution of fertilizer 
for land increase over time? Or alternatively, are the rates of substi­
tution so low that technological advances could be expected to increase 
them over time? This question can be answered through the comparison of the 
rates of substitution of fertilizer for land in India and the United States 
which represent near extremes in the spectrum of technological development 
of agriculture. The coiq>arison may not only indicate the direction of 
change in the rates of substitution in India, but also provide the basis 
for examining the difference in magnitude of the rates of substitution in 
India and the United States. 
We may consider land-fertilizer production functions for Wsst Bengal 
(Equation 82), Orissa (Equation 83), and Arkansas (Equation 84). A 26.0 
maund isoquant and the corresponding marginal rates of substitution be­
tween fertilizer and land for West Bengal, Crissa, and Arkansas are given 
in Table 37» The above table indicates that at any given level of ferti­
lizer marginal rate of substitution of fertilizer for land is higher for 
Arkansas than West Benga]. For example, when the level of fertilizer is 
Table 37* A 26.0 inaund Padc^ rice iaoquant and gross marginal rates of substitution 
(MRS) between fertilizer (F) and land (A) for West Bengal, Orissa, Texas 
and Arkansas 
West Bengal Orissa 
26.0 maumds 26.0 maunds 
F A MRS Acres A MRS Acres 
(lbs.) (Acres) replaced (Acres) replaced 
per ton of per ton of 
fertilizer fertilizer 
0 1.28 .00987 19.74 1.12 .01147 22.94 
10 1.18 .00861 17.23 1.02 .00923 18.46 
20 l.lO .00711 14.21 .94 .00651 13.02 
30 1.04 .00542 10.84 .89 .00366 7.33 
40 1.00 .00369 7.37 .87 .00114 2.27 
50 .97 .00207 4.13 — — — 
60 .95 .00067 1.33 
Table 37 (Continued) 
Arkansas Texas 
26.0 iMi\mds 26.0 naunds 
F 
(lbs.) 
A 
(Aores) 
MRS Aores 
replaced 
per ton of 
fertilizer 
A 
(Aores) 
MRS Acres 
replaced 
per ton of 
fertilizer 
0 .84 .01017 20.35 .78 .00713 14.27 
10 .75 .00916 10.31 .71 .00643 12.86 
20 .66 .00776 15.51 .65 .00554 11.07 
30 .59 .00600 12.00 .60 .00448 8.95 
ItO .54 .00410 8.19 .56 .0033% 6.64 
50 .51 .00235 4.70 .53 .00219 4.38 
60 .49 .00097 1.94 .52 .00120 2.39 
70 tmmm .51 .00038 .77 
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30 pounds, one additional pound of fertilizer substitutes for .0060 acres 
for Arkansas and .00542 acres for West Bengal, It may be noted that the 
rate of substitution Is higher for Arkansas than West Bengal even though 
the Initial fertility level of the soil Is higher for the former than the 
latter. The Initial fertility level of the soil, as represented by the 
coefficient of A In Equations 84 and 82, Is 30.81 and 20,37 for Arkansas 
and West Bengal respectively. As discussed earlier. Initial fertility 
level of the soil is an important factor influencing the rate at which 
fertilizer substitutes for land. Marginal rates of substitution vary in­
versely with the initial fertility level of the soil i,e., the higher the 
Intial fertility level of the soil, the lower the rates of substitution 
of fertilizer for land and vice versa. Marginal rates of substitution 
would thus be much hi^er for Arkansas than West Bengal if the initial 
fertility level of the soil were the same for both the situations. 
Again referring to Table 37, marginal rates of substitution also are 
higher for Arkansas as con^red with Crissa even though the initial fer­
tility level of the soil is higher for the former than the latter. How­
ever, marginal rates of substitution are slightly higher for Crissa than 
Arkansas when the level of fertilization is low. For example, when the 
level of fertilizer is 10 pounds, one additional pound of fertilizer sub­
stitutes for .00923 acres for Crissa and ,00916 acres for Arkansas, This 
is because of the serious deficiency of plant nutrients in many regions of 
India, Indian soils have been cropped for many years without replenish­
ment of plant nutrients. Since the soil is in serious need of plant food 
even a small application of fertilizer gives appreciable response. Con­
sequently, marginal rates of substitution are higher for Crissa than Arkan-
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sas lAen the level of fertilization:. Is low. As the level of fertilization 
increases, marginal rates of substitution become higher for Arkansas than 
Orissa. 
Low rates of substitution is the reflection of low productivity of 
fertilizer in India. The productivity of land also is lower in India than 
the United States. As a result, a given level of output can be produced 
with less of both fertilizer and land in the United States than India. As 
an exang)le, a 26.0 maund output (Table 37) can be produced with 40 pounds 
of fertilizer and 1.0 acres of land for West Bengal. The same level of 
output requires only .84 acres of land and no fertilization for Arkansas. 
Aside from various defects in the structure and organization of Indian 
agriculture, the reason for low productivity of inputs is basically the 
use of poor agricultural technology. Hence, the low level of technology 
in India accounts for the low rates of substitution of fertilizer for land. 
With further advance in technology, as the experience of the United States 
shows, the rates of substitution in India could be «q>ected to increase 
over time. In order to raise the level of agricultural technology in 
India, it would be necessary to e:q)and the existing program of research, 
education and extension. 
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IX. DIPUCATIONS OF RATES OF FACTOR SUBSTITUTION 
FOR INCREASING FOOD PRODUCTION 
So far we have focused our attention on examining the physical pos­
sibilities of substituting fertilizer for land in production of wheat and 
paddy rice. In vie;; of the backward nature of Indian agriculture, the 
propsects for realizing the physical possibilities of substitution are de­
pendent on a host of preconditions which are by no means trivial. First, 
the farmer must be educated in the use of fertilizer. Secondly, credit 
facilities must be extended to finance the purchase of fertilizer. Third­
ly, fertilizer distribution and product marketing facilities must be ex­
panded. Finally, the required quantity of fertilizer must be produced or 
foreegn exchange made available to import it. These preconditions, among 
others, are necessary for realizing the physical possibilities of substi­
tution between fertilizer and land. Hence, the analysis herein must be 
interpreted as conditional upon the fulfillment of the preconditions men­
tioned above. 
In India, nearly three-fourths of the total cultivated area is under 
food crops while the use of fertilizer per acre is negligible (a little 
over one po'Jind of N + P + K per acre of arable land used). Food output is, 
thus, based largely on the magnitude of land input. The empirical esti­
mates of the rate and extent to which fertilizer serves as a technical 
substitute for land suggest that land input can substantially be reduced. 
Hence, the current level of food output in India can be obtained through 
the use of more fertilizer and fewer acres than is represented by the 
present land-fertilizer use ratio. The acres of land which may be released 
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as a result of the substitution process can be used for additional food 
production, thereby, reducing the current food shortage in India. 
The constant returns to scale feature of the land-fertilizer pro­
duction function allows the derivation of alternative combinations of land 
and fertilizer for producing any given level of food output. Given the 
limited amount of data used in this study, we aire unable to show alterna­
tive combinations of land and fertilizer which will produce the current 
or projected level of food requirements of India. If adequate amount of 
input - output data were available, it would be possible to fit a composite 
land-fertilizer production function for each homogeneous geographical re­
gion. The fitted function can be used to derive alternative combinations 
of land and fertilizer which will produce a given level of food output in 
each region. The level of food output which can be produced in any region 
is subject to the availability of land, fertilizer, and other resources 
which complement land and fertilizer. 
The physical possibilities of substitution may not be realized unless 
the farmers are provided with information on substitution rates and given 
necessary Incentives lAlch may favour substitution of fertilizer for land. 
One of the obvious incentives is favourable fertilizer/land price ratio 
and favourable price of output relative to inputs. In underdeveloped 
countries farmers generally receive low prices for their products and pay 
high prices for the Inputs purchased. For example, one pound of rice in 
Japan buys three times as much ammonium sulphate as a pound of rice in 
India (2, p. 16). Inadequate transport and communication facilities and 
lack of warehousing facilities force the Indian farmer to sell his pro­
duce Just after the harvest lAen prices are usually low. Hence, it would 
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be necessary to maintain favourable foodgrains prices and to subsidize the 
use of fertiliser. The prices of inputs and outputs can serve as an iiigx)r-
tant instrument for national food policy. 
For a given level of output, either for a farmer or for the nation as 
a whole, the combinations of fertilizer and land which reduce cost per unit 
of output are economically desirable. For exaiqjle, a 34.2? amund output 
(Table 21) can be produced with 2.42 acres and no fertilizer, 1.20 acres 
and 60 pounds of fertilizer. At the latter combination of land and ferti­
lizer, a pound of fertilizer substitutes for .01106 acres. Hence a ton of 
fertilizer spread similarly over more acres, is estimated to substitute 
for the production obtained from 22,13 acres of land. There is, thus, a 
choice between using another 22.13 acres of land or one ton of fertilizer 
to obtain the same level of output. The choice depends on the cost of cul­
tivating 22.13 acres of land compared with the cost of using one ton of 
fertilizer. In the absence of comparable cost data, it is difficult to 
indicate the choice which may be economical. It seems, however, that the 
cost of cultivating 23.13 acres might be higher than the cost of using one 
ton of fertilizer. Hence, it may be more economical to produce a given 
level of output through the use of more fertilizer and fewer acres. 
Marginal rates of substitution between fertilizer and land have Im­
portant Implications for agricultural development policy. Food production 
can be Increased through the expanded use of fertilizer on the existing 
land under cultivation and through the extension of cultivated area. Which 
one of these two alternatives would be more economical? As mentioned 
earlier, one ton of fertilizer substitutes for the production obtained from 
22.13 acres of land. Hence the choice between those two alternatives de­
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pends on the cost of one ton of fertilizer compared with the financing cost 
of the capital outlay required to develop 22.13 acres of new land for cul­
tivation. Reclamation of new land requires large capital outlay in the form 
of jungle clearance, irrigation and transportation facilities. This ex­
penditure would be justified if the return in terms of Increased production 
is more than the financing cost of the capital outlay. On the other hand, 
investment in fertilizer production may require smaller capital outlay and 
which may give as much increase in production as the expenditure on land 
reclamation. Hence, Investment in fertilizer production requiring smaller 
capital outlay may be more economical than Investment in bringing new land 
under cultivation which requires larger capital outlay. 
Marginal rates of substitution of fertilizer for land are lower in 
India as compared with the United States. The low level of agricultural 
technology in India accounts for the low rates of substitution. With 
further advance in agricultural technology, marginal rates of substitution 
between fertilizer and land could be expected to Increase over time. How­
ever, the technical improvement of Indian agriculture requires a greatly 
expanded program of agricultural research, education, and extension. The 
agricultural research underway in India seems Inadequate to meet the needs 
and demands for improved agricultural materials and practices on Indian 
farms. There is also a gap between agricultural research and the actual 
cultivators. In order to provide for a more adequate level of research, 
education, and extension, public Investment in theige programs must be in, 
creased substanclally. The United States provides evidence that the public 
policy for promàtlKg agricultural research and education has made a signi­
ficant contribution to the development of American agriculture. 
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X. SUmàBY AND CONCLUSIONS 
The main objective of this study has been to estimate and examine 
marginal rates of substitution of fertilizer for land In production of 
wheat and paddy rice In India. The domestic production of food in India 
lags behind the growth of population. There is a heavy pressure of popula­
tion on land and consequently the limited supply of land In^ses JL serious 
constraint on food production. The empirical evidence available indicates 
that the expanded use of fertilizer offers large possibilities for in­
creasing food production. Hence, fertilizer could be substituted for land 
such that a given level of food output can be produced through the use of 
more fertilizer and less land. 
This study is based on the data of fertilizer experiments on experi­
mental stations and fertilizer trials on cultivators* fields. Two cata-
gories of fertilizer trials were conducted on cultivators* fields; (a) 
simple five or six plot trials in which fertilizer treatments were super-
in^sed on the normal agronomic practices followed by the cultivators; and 
(b) conçlex experiments using l^-acre block taken on lease from the culti­
vators. Two non-zero levels, 20 lbs. and 40 lbs. each of N and in ^ 
the fozm of ammonium sulphate and triple superphospate were applied. 
2 Quadratic equation of the form Ï = a + bF - CF is used in the model 
for analysis. The per acre fertilizer production of the quadratic form is 
modified into a land-fertilizer production function of the form Y = al + 
bF - where land in incorporated as a variable input and output is 
a function of both land and fertilizer. The land-fertilizer production 
function has constant returns to scale for the two factors considered a-
lone so that a doubling of both land and fertilizer will double output. 
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Two-nutrient fertilizer production function of the fom Y = a + 
2 2 b^Fi + bgFg - - bj^2 - is converted to a single mix of nutri­
ents so as to estimate marginal rates of substitution between fertilizer 
in aggregative form and land. Many proportions or mixes including those 
which trace out the expansion path can be derived from such functions. We 
en^loy the mix comprising proportions of nutrients equal to the proportion 
of nutrients representing optimum combination. The two-nutrient fertilizer 
_ _2 _ 
production function is converted to the form Y = a + bF - CF , where F 
represents the given mix of the nutrients. The function in this form can 
be modified to include land as a variable input. 
Technological advances which may increase productivity of fertilizer 
and land will alter marginal rates of substitution between them. We as­
sumed a given percentage increase in productivity of each factor due to 
advances in technology. The assumed percentage increases in the produc­
tivity of the two factors were incorporated into land-fertilizer production 
function Iqr changing the coefficient of fertilizer, F, and land, A, hj the 
proportion representing the increase in productivity of each factor. 
In all, 15 land-fertilizer production functions — 10 for paddy rice 
and 5 for wheat — were derived for the eo^lrical analysis. Two land-
fertilizer production functions were selected to demonstrate changes in 
marginal rates of substitution resulting from technological advances. 
Isoquants and marginal rates of substitution of fertilizer for land 
were derived from the land-fertilizer productions. Three Isoquants were 
considered for each function. The Isoquants selected are those represent­
ing: (a) optimum fertilizer response attainable on a single acre; (b) two-
thirds of the optimum response; and (c) one-third of the optimum response. 
I2l 
Given the limited amount of data used In the study, the results of 
empirical analysis Indicate that: 
Fertilizer offers large possibilities of substitution for land in 
production of wheat and paddy rice in various regions of India. There is, 
however, a wide variation in the rate at which fertilizer substitutes for 
land at different locations. The rate of substitution varies due to many 
factors involved in crop production such as soil type, level of fertiliza­
tion, type of nutrients, type of crop, level of output, climate and other 
environmental factors. The magnitude of the estimated rates of substitu­
tion vaiy directly with the level of output and inversely with the initial 
level of soil fertility. The rate of substitution declines as the mix of 
inputs includes a greater proportion of fertilizer in producing a given 
level of output. It is higher when the mix of nutrients Includes N and 
than N alone. It is also somevAiat higher in production of wheat than 
paddy rice. 
The range of technically rational possibilities of substitution be­
tween fertilizer and land also show large variation. The range of sub­
stitution possibilities is much greater on experimental fams than on 
cultivators* fields. The differences in cultural practices and in the 
quality of complementary Inputs explain the variation in the extent to which 
fertilizer can be substituted for land in the two situations. 
The empirical estimates of the rate and extent to which fertilizer 
serves as a technical substitute for land suggest that the current level 
of food output in India can be obtained through the use of more fertilizer 
and fewer acres than is represented by the present land-fertilizer use 
ratio. The aares of land which may be released as a result of the sub-
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stltution process can be used for additional food production, thereby, 
reducing the current food shortage in India. 
The physical possibilities of substitution may not be realized unless 
the farmers are provided with information on substitution rates and given 
necessary incentives which may favour substitution of fertilizer for land. 
One of the obvious incentives is favourable fertilizer/land price ratio 
and favourable prices of inputs relative to output. Price of fertilizer 
can senre as an inqiortant instrument of public policy for increasing food 
production. 
It would be more economical, either for a farmer or for the nation 
as a whole, to produce a given level of food output through the use of 
more fertilizer and fewer acres. The reduction in cost per unit of output 
would vary with* (a) the magnitude of technical rates of substitution of 
fertilizer for land and (b) the price of inputs relative to the price of 
output. 
Food production can be increased through* (a) the extension of cul­
tivated area and (b) the expanded use of fertilizer on the existing land 
under cultivation. In view of the large capital outlay required for the 
reclamation of new land, the latter alteznative may represent optimal 
development program. 
Marginal rates of substitution are lower in India as congwired with 
the United States. The low level of agricultural technology in India ac­
counts for the low rates of substitution. With further advance in techm 
nology, marginal rates of substitution of fertilizer for land could be 
eoqpected to increase over time. However, the technical isçrovemeat of 
Indian agriculture requires a greatly expanded program of research, ed­
123 
ucation, and extension. In order to provide for a more adequate level of 
research, education and extension, public investment in these programs 
must be increased substancially. 
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